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The Texas Water Development Board (TWDB) and Na-tional Science Foundation Research Coordination Net-
work on Climate, Energy, Environment and Engagement 
in Semiarid Regions (NSF/RCN-CE3SAR) co-sponsored the 
2016 Texas Water Roadmap Forum. Focusing on workforce 
education, data, and research, the forum was hosted by 
the Institute for Water Resources Science and Technolo-
gy on the campus of Texas A&M University–San Antonio 
on November 29, 2016.  The forum brought together Tex-
ans from diverse technical, academic, research, manage-
ment, and business backgrounds in water to participate in 
the third in a series of water roadmap forums facilitated 
by NSF/RCN-CE3SAR.  By envisioning a future Texas where 
water security is assured for people, industry, food pro-
duction, and nature, forum participants sought to develop 
solid plans to set priorities for action and frame key mile-




efforts by many in 
the water sector 






-  Dr. Andrew Sansom
Keynote Presenter
Executive Director, Meadows 
Center for Water and the 
Environment
Foreword
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F o c u s i n g  o n  w o r k f o r c e  e d u c a t i o n , 
d a t a ,  a n d  r e s e a r c h ,  t h e  2 0 1 6  Te x a s 
Water  Roadmap Forum was hosted by the 
Insti tute for Water Resources Science and 
Technology,  Texas  A&M Univers i ty–San 
A n t o n i o .   T h e  f o r u m  b r o u g h t  t o g e t h e r 
Texas water experts from diverse technical, 
a c a d e m i c ,  r e s e a r c h ,  m a n a g e m e n t ,  a n d 
bus ine s s  backg rounds  t o  pa r t i c i pa t e  i n 
t he  t h i rd  i n  a  s e r i e s  o f  wa t e r  r oa dmap 
forums held in San Antonio and facilitated 
by  NSF /RCN-CE3SAR.
By  env i s ion ing  a  fu tu re  Texas  where 
w a t e r  s e c u r i t y  i s  a s s u r e d  f o r  p e o p l e , 
indus t ry,  and  na tu re ,  fo rum par t i c ipan t s 
sough t  to  deve lop  so l id  p lans  fo r  ac t ion 
t o  he lp  s ecu re  Texas ’ wa t e r  f u tu r e .
I n  t h e  a r e a  o f  d a t a  m a n a g e m e n t , 
f o r u m  p a r t i c i p a n t s  l i s t e d  t h e i r  v i s i o n 
fo r  the  fu tu re  and  ac t ions  to  ach ieve  the 
endpo in t s  env i s ioned  th rough  enhanced 
d a t a  s t o r a g e ,  u s e ,  a n d  a c c e s s .  T h e y 
c o n c l u d e d  t h a t  g o v e r n m e n t  e n t i t i e s , 
bu t  no t  any  s i ng l e  one ,  a r e  be s t  s u i t ed 
t o  bu i ld  and  ma in t a in  t he  r equ i s i t e  da t a 
p l a t fo rms .   They  sugges t ed  a  measu red 
evolut ion by working through large-scale 
collaborations to create data repositories, 
develop standards and norms for databases, 
and  u se  b ig  da t a  ana ly t i c  p l a t fo rms  and 
da shboa rds  fo r  da t a  i n t e rp r e t a t i on  and 
v i sua l i z a t i on . 
For  workforce educat ion,  par t ic ipants 
s e n s e d  l i t t l e  e f f o r t  b y  u n i v e r s i t i e s  t o 
r e a l i g n  c u r r i c u l a  t o  m e e t  t h e  n e e d s  o f 
a n  i n d u s t r y  r a p i d l y  e v o l v i n g  a s  n e w 
technologies and regulatory requirements 
c h a n g e  w a t e r  w o r k f o r c e  e d u c a t i o n 
r equ i r emen t s .  They  sugges t ed  s t uden t s 
b e  o f f e r e d  a  b r o a d e r  c u r r i c u l u m  t h a n 
gene ra l l y  ava i l ab l e  t h rough  t r ad i t i ona l 
c iv i l  engineer ing  degree  programs.  They 
supported internships to provide students 
wi th  exper ient ia l  learning oppor tuni t ies . 
T h e y  a l s o  a d v o c a t e d  l o c a l l y  o f f e r e d 
education for  local  water  industry jobs to 
address  the  need for  the  water  workforce 
t o  be  r e f l e c t i ve  o f  t he  soc i e ty  i t  s e rve s 
and  t o  mee t  t he  va ry ing  na tu re  o f  wa te r 
i n f r a s t r u c t u r e  o f  d i f f e r e n t l y  s i z e d  a n d 
ru r a l  commun i t i e s .
Par t ic ipants  l i s ted research underway 
v e r s u s  r e s e a r c h  t h a t  i n d u s t r y  a n d 
g o v e r n m e n t  c u r r e n t l y  n e e d .   T h e  t w o 
l i s t s  were  marked ly  d i ffe ren t ,  wi th  on ly 
one  b road  a r ea  o f  ove r l ap :  de sa l i na t i on 
t e chno log i e s  and  ene rgy  demand .  They 
p roposed  fo l l ow-up  r e sponse  by  fo rum 
a t t e n d e e s  i n  1 0  a r e a s  o f  w a t e r - r e l a t e d 
r e sea r ch . 
F o r  f u n d i n g  a n d  p a r t n e r s h i p 
d e v e l o p m e n t ,  p a r t i c i p a n t s  f e l t  t h a t  i t 
w i l l  b e  more  e f f ec t i ve  t o  work  t h rough 
ex i s t ing  par tnersh ips  than  to  c rea te  new 
ones .  They  agreed  to  exp lo re  a  se r i e s  o f 
collaborations, including (1) a large-scale 
co l l abo ra t i on  on  improv ing  da t a se t  u se 
and  access ,  wi th  d i scuss ion  to  be  hos ted 
i n i t i a l l y  by  t he  TWDB,  and  (2 )  fo rming 
par tnerships  wi th  smal l  communi t ies  for 
n e w  w o r k  o n  c a p i t a l - r e l a t e d  p r o j e c t s 
t o  be  suppo r t ed  by  f i nanc ing  ava i l ab l e 
t h rough  SWIFT and  t he  s t a t e  r evo lv ing 
fund . 
T he Texas  Water  Deve lopment  Board  (TWDB)  and  Nat iona l  Sc ience Foundat i on  Res earc h  Co ord inat ion  Networ k  on  C l imate ,  Ene rgy, 
Env i ronment  and Engagement  in  Semiar id  Reg ions  (NSF/RCN-CE 3SAR) 
c o - s p o n s o re d  t h e  2 0 1 6  Texa s  Wa te r  Ro a d m a p  Fo r u m ,  h e l d  o n  t h e 
campus of  Texas  A&M Univers i ty–San Antonio  on November  29,  2016.
Sum mar y
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D r. Cynthia  Matson,  Pres ident  of  Texas  A&M Univers i ty–San  Anton io,  we lcomed forum 
part ic ipants  by  stat ing  how insp i red  she  was 
to  see  water  experts  f rom so  many  d i f ferent 
segments  of  the  water  sector  coming togeth-
er  to  share  their  exper ience and advance the 
water  agenda in  the state  of  Texas .   She a lso 
caut ioned the audience about  a  growing d ia-
logue chal lenging the importance and integrity 
of  sc ience.   She asked Texas ’  water  leaders  to 
v igorously  defend the integr i ty  of  data  and ev-
idence in  the management  of  water  resources.
D r.  M at s o n  t h e n  i nt ro d u c e d ,  T W D B  B o a rd 
m e m b e r,  Kat h l e e n  J a c ks o n ,  m o r n i n g  p l e n a r y 
sess ion keynote  speaker.
“If one small 
community in 
Texas runs out of 
water, Texas is 
out of water.”
-  Ms. Kathleen Jackson
Keynote Presenter
Member of the Board, Texas 
Water Development Board
Plena r y  Sess ions
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Ms.  J ackson  exp l a ined  t he  ro l e s  o f  t he 
TWDB, and emphasized Texas’ unique approach 
to  water  management .  Using a  local ly-dr iven 
p roce s s ,  Te xa s  r e l i e s  on  member s  o f  16  r e -
gional  water planning groups,  the TWDB, and 
o the r  s t a t e  agenc i e s  t o  de t e rmine  t he  s t a tu s 
o f  cu r r e n t  wa t e r  r e sou rce s ,  popu l a t i on  and 
w a t e r  d e m a n d  p r o j e c t i o n s ,  f o r e c a s t  f u t u r e 
n e e d s  f o r  p r o j e c t s ,  a n d  d e v e l o p  s t r a t e g i e s 
t o  mee t  wa te r  needs .   The  16  r eg iona l  p l ans 
combine  t o  f o rm  the  s t a t e  wa t e r  p l an .   The 
T W D B  s e r v e s  c o m m u n i t i e s  a s  a  t e c h n i c a l 
r e sou rc e  i n  t h i s  p l ann ing .  Teams  go  ac ro s s 
t h e  s t a t e  a n d  m e e t  w i t h  c o m m u n i t y  w a t e r 
l eaders ,  ass i s t  wi th  def in ing  needs ,  and  then 
p rov ide  i de a s  on  mov ing  fo rwa rd  w i th  im-
p l eme n t a t i on ,  wh ich  i s  a l so  l oca l l y -d r i ven . 
Texa s  i s  f o r t una t e  t o  have  fund ing  and 
acc e s s  t o  t e chno logy  t o  enhance  commun i -
t y  wa t e r  i n f r a s t ruc tu r e ,  bu t  i t ’s  up  t o  l oca l 
communi t ies  to  in i t i a te  pro jec t  deve lopment 
a n d  i m p l e m e n t a t i o n .   T h i s  i s  w h e r e  t h e 
S t a t e  Wa te r  Imp lemen ta t i on  Fund  fo r  Texas 
(SWIFT)  comes  in to  p l ay,  by  p rov id ing  low 
in te res t  f inanc ing  fo r  p ro jec t s  iden t i f i ed  by 
l oca l  c ommun i t i e s  i n  t he  p l ann ing  p roce s s .
Ms .  J a ckson  sugges t ed  a  r o l e  f o r  wa t e r 
expe r t s  i n  t he  p ro j ec t  imp lemen ta t i on  p ro -
c e s s ,  w i t h  2 , 5 0 0  p r o j e c t s  a n d  5 , 0 0 0  s t r a t -
e g i e s  c o n t a i n e d  i n  t h e  2 0 1 7  S t a t e  Wa t e r 
P lan .   Many  o f  the  p ro jec t s  i n  the  p l an  have 
b e e n  p r o p o s e d  f o r  m a n y  y e a r s ,  b u t  l o c a l 
s p o n s o r s  a r e  l o o k i n g  t o  m o v e  f o r w a r d  o n 
n e w  p r o j e c t s  u s i n g  t o d a y ’s  b e s t  s o l u t i o n s 
wh i ch  ma y  i nvo lve  new  t echno log i e s  o r  i n -
nova t i ve  i de a s .   A ro l e  f o r  r e s ea r che r s  and 
o t h e r  w a t e r  e x p e r t s  i s  t o  w o r k  w i t h  l o c a l 
s p o n s o r s  i n  c o m m u n i t i e s  t o  h e l p  d e v e l o p 
t he  p ro j ec t s  and  f i nd  i nnova t i ve  so lu t i ons . 
I nnova t i on  w i l l  i nc lude  u se  o f  t e chno logy, 
bu t  so lu t i ons  mus t  a l so  focus  on  enhanc ing 
wate r  p ro jec t  opera t iona l  in tegr i ty,  re l i ab i l -
i t y,  a n d  e f f i c i e n c y  ( i n c l u d i n g  p r o j e c t s  f o r 
wa t e r  conse rva t i on ) .
M s .  J a c k s o n  w a s  a s k e d  w h a t  f o r u m  a t -
tendees  could  do  to  reach  rura l  communi t ies 
m ore  e f f e c t i ve ly  w i th  suppo r t .   She  s t a t ed 
t h a t  r u r a l  c o m m u n i t i e s  a r e  d i v e r s e  w i t h 
d i v e r s e  n e e d s ,  b u t  i t ’s  n o t  a l w a y s  l a c k  o f 
fund ing  tha t  cons t ra ins  p rogress .   Ins t ead  i t 
may  be  a  l ack  o f  e ffec t ive  p lann ing  by  loca l 
communi t i e s  t o  i den t i fy  ob jec t ives  and  r ea l 
ne eds .   On l y  a f t e r  a  p l an  i s  i n  p l ace  can  a 
c o m m u n i t y  e f f e c t i v e l y  m o v e  f o r w a r d  o n 
p ro j ec t s  and  s eek  SWIFT o r  o the r  f und ing . 
Wate r  exper t s  can  engage  wi th  communi t i e s 
to  he lp  deve lop  the  ideas  and  de ta i l ed  p lans 
fo r  p ro j ec t s . 
M s .  J a c k s o n  c o n c l u d e d  h e r  r e m a r k s  b y 
s t a t i n g  t h a t  w e  d o n ’ t  j u s t  n e e d  w a t e r  f o r 
t he  b ig  c i t i e s ,  we  a l so  need  wa t e r  f o r  r u r a l 
Te x a s .   S h e  s a i d ,  “ C o m i n g  f r o m  a  m a n u -
f ac tu r i ng  backg round ,  I  know you  a r e  on ly 
a s  g o o d  a s  y o u r  p o o r e s t  p e r f o r m e r.  I f  o n e 
smal l  communi ty  in  Texas  runs  ou t  o f  water, 
Texas  i s  ou t  o f  wa t e r.   I t ’s  up  t o  a l l  o f  u s 
t o  make  su r e  t ha t  t he  ru r a l  commun i t i e s  o f 
Texas  have  t he  wa t e r  t hey  need . ”
Af t e rnoon  keyno t e  speake r,  Dr.  Andrew 
Sansom,  Execut ive  Di rec tor  of  the  Meadows 
C e n t e r  f o r  Wa t e r  a n d  t h e  E n v i r o n m e n t  a t 
Texas  S t a t e  Un ive r s i t y,  add re s sed  t he  i dea 
tha t  on ly  through effec t ive  par tnersh ips  wi l l 
Te x a s  p r o g r e s s  t o w a r d  w a t e r  s e c u r i t y.   O f 
g r e a t  c o n c e r n  i s  o v e r- a l l o c a t i o n  o f  Te x a s ’ 
f lowing  wate rs  as  wel l  as  po l ic ies  tha t  o f ten 
conflict with science and thwart implementing 
realist ic solutions.  For the most part  in Texas, 
t ap s  have  con t i nued  t o  f l ow  in  ou r  k i t chens 
a n d  t o i l e t s  c o n t i n u e  t o  f l u s h ,  m a s k i n g  t h e 
under ly ing  th rea t  posed  to  the  economy and 
env i ronmen t  by  wea the r ’s  w iden ing  sw ings 
f r o m  p a r c h i n g  d r o u g h t  t o  s h a r p  f l o o d i n g . 
Solut ions  wi l l  requi re  coordinated  effor ts  by 
many  in  t he  wa te r  s ec to r  ac t i ng  in  t ru s t  and 
s ingle-minded purpose  through par tnerships , 
conso r t i a ,  and  ne tworks . 
F o l l o w i n g  c o m m e n t s  f r o m  D r.  S a n s o m , 
p l e n a r y  s e s s i o n  s p e a k e r  D r.  R o b e r t  M a c e , 
Depu ty  Execu t i ve  Admin i s t r a t o r  f o r  Wa te r 
S c i e n c e  a n d  C o n s e r v a t i o n  o f  t h e  T W D B , 
f o c u s e d  o n  h i s  d r e a m s  f o r  t h e  f u t u r e  f o r 
educa t ion  and  in format ion  shar ing ,  and  then 
cha l l enged  pa r t i c ipan t s  t o  come  toge the r  t o 
he lp  meet  needs  for  research  and  f ind  means 
t o  f i nance  advances  i n  wa t e r  s c i ence .
Master  of  Ceremonies  and charret te  faci l-
i t a t o r,  Dr.  Jo rge  Vanegas ,  Dean ,  Co l l ege  o f 
Architecture,  Texas A&M Universi ty-College 
Sta t ion and Professor,  Texas  A&M Engineer-
ing  Exper imen t  S ta t ion  l a id  g roundwork  fo r 
the  day’s  char re t t e s  by  s ta t ing  the  goa l s  and 
a sp i r a t i ons .  He  a sked  pa r t i c i pan t s  t o  env i -
s i on  a  f u tu r e  Texas  whe re  wa t e r  s ecu r i t y  i s 
a s su r ed  fo r  peop l e ,  i ndus t ry,  f ood  p roduc -
t i on ,  and  na tu r e  –  and  t hen  a sked ,  “How do 
we  ge t  t he r e?” 
Points  o f  Departure
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I t  seemed l ike a relat ively simple under-
t ak ing  a t  t he  f i r s t  wa te r  roadmap  fo rum to 
design a water technology roadmap.  But we 
were  soon  conf ron ted  wi th  the  complex i ty 
o f  wa t e r.   The  wa t e r  s ec to r  i s  a f f ec t ed  by 
economic ,  h i s to r ic ,  soc ia l ,  env i ronmenta l , 
po l i t i ca l ,  r egu la to ry,  and  l ega l ,  a s  we l l  a s 
technological challenges.  Further,  the water 
s ec to r  ex i s t s  i n  a  con t ex t  o f  comp lex i t y, 
vo l a t i l i t y,  unce r t a in ty,  and  ambigu i ty.  We 
hea rd  t ha t  many  –  pe rhaps  mos t  –  o f  t he 
p rob l ems  we  f ace  i n  t he  wa t e r  s ec to r  w i l l 
no t  be  so lved  th rough  use  o f  new t echno l -
ogy.   C r i t i c a l l y  impor t an t  t o  Texas ’ wa t e r 
f u tu r e  i s  add re s s ing  obs t ac l e s  such  a s  un-
de rva lua t ion  o f  wa te r,  coun te r-p roduc t ive 
p o l i c i e s ,  o l d  a n d  f a i l i n g  i n f r a s t r u c t u r e , 
i n v e s t m e n t  a n d  m a r k e t  c h a l l e n g e s ,  a n d 
s i lo ing  o f  jus t  abou t  eve ry th ing  wa te r.  A l l 
were  cons idered  impediments  to  ach iev ing 
wa te r  s ecu r i t y  i n  Texas ,  wh i l e  t echno logy 
d e v e l o p m e n t  w a s  s e e n  a s  p r o v i d i n g  n e w 
tools  of  value to achieve incremental  gains.
Bu i l d ing  on  r e su l t s  o f  t he  f i r s t  f o rum, 
t h e  s e c o n d  f o c u s e d  o n  t h e  i n t e r s e c t i o n 
o r  “ n e x u s ”  o f  w a t e r ,  f o o d ,  a n d  e n e r g y. 
P a r t i c i p a n t s  h e a r d  a b o u t  h o w  w a t e r,  e n -
e rgy,  and  food  p rog rams  a r e  i nex t r i c ab ly 
l i nked .  Bu t  p rograms  in  these  a reas  in  ou r 
agenc i e s ,  i n s t i t u t i ons ,  and  i ndus t r i e s  a r e 
f r a g m e n t e d  a n d  u n c o n n e c t e d .   We  a l s o 
hea rd  how educa t ion  sys t ems  a re  too  s low 
in  r e spond ing  t o  need  fo r  more  i n t eg ra t -
ed  t e ach ing  abou t  su s t a inab i l i t y,  and  a r e 
f a i l i n g  i n  d e l i v e r y  o f  j o b - r e a d y  w o r k e r s 
f o r  w a t e r  i n d u s t r i e s .  We  h e a r d  c l e a r l y  a 
deep  conce rn  exp re s sed  abou t  a  g rowing 
i n f o r m a t i o n  g a p  i n  p u b l i c  u n d e r s t a n d i n g 
about  water  mat te rs ,  about  a  need  to  be t te r 
add re s s  gene ra l  i n fo rma t ion  and  ou t r each 
abou t  wa t e r  t o  a l l  s e c to r s  o f  soc i e ty,  and 
a b o u t  n e e d  f o r  i m p r o v e d  t e c h n i c a l  d a t a 
s t o r age  and  de l i ve ry  i ndus t ry  w ide .
T h i s  t h i r d  f o r u m  e x p l o r e s  c h a l l e n g e s 
ident i f ied in  the f i rs t  two forums.   This  las t 
f o rum wi l l  f u r the r  de f ine  communica t ion , 
i n fo rma t ion  managemen t ,  da t a  acce s s  and 
a s soc i a t ed  r e sea rch  a s  h igh l igh t ed  i n  p r e -
v ious  fo rums .  I t  i s  a l so  an  oppo r t un i t y  t o 
f u r t he r  de f i ne  improvemen t s  i n  educa t i on 
and  t ra in ing  of  a  water  workforce  tha t  wi l l 
see considerable turnover and reposi t ioning 
i n  t he  nea r  f u tu r e .
Dr.  Jo rge  Vanegas ,  i n  h i s  i n s t r uc t i ons 
on  the  char re t te  process  asked  par t ic ipants 
t o  t h ink  i n  t e rms  o f  t he i r  cu r r en t  a nd  f u -
t u r e  p r o j e c t s ,  f u n d i n g ,  a n d  p a r t n e r s h i p s . 
The  sub j ec t  ma t t e r s  a r e  o f  i n t e r e s t  t o  a l l 
p a r t n e r s  h o s t i n g  t h e  f o r u m ,  i n c l u d i n g 
t o  t h e  Te x a s  Wa t e r  D e v e l o p m e n t  B o a r d . 
The re  i s  a  need  t o  unde r s t and  i n  g r e a t e r 
de t a i l  wha t  un ive r s i t y  r e sea rche r s  a r e  do -
ing  now,  r e l a t i ve  t o  wha t  wa t e r  expe r t s  i n 
gove rnmen t  and  i ndus t ry  may  f e e l  ne e ds 
t o  be  done  now.
The  ma in  goa l  o f  t he  fo rum s t a t e d  by 
Dr.  Vanegas  i s  t o  p r io r i t i ze  and  f r ame  key 
mi l e s tones ,  w i th  t he  ove ra l l  ob j e c t i ve  o f 
secur ing Texas’ water  fu ture  whi le  acceler-
at ing growth of  Texas’ water  infrastructure, 
t e chno log i e s ,  i ndus t r i e s ,  and  su s t a i na b l e 
wa t e r  u se .
We  a r e  s e e k i n g  a  f e w  t a n g i b l e  a c t i o n 
plans to  move forward.   We won’t  and can’t 
s o l v e  a l l  t h e  i s s u e s  a r o u n d  w a t e r  w i t h  a 
s e r i e s  o f  one -day  fo rums ,  bu t  we  w i l l  be 
succe s s fu l  i f  we  a r e  ab l e  t o  s e t  a  pa t h  t o 
address one,  two or three of  the matters  that 
come f rom par t ic ipan ts .  We should  be  ab le 
t o  do  t ha t  because  pa r t i c i pan t s  r e p r e se n t 
l e ad ing  expe r t s  i n  Texas ’ wa t e r  s e c t o r s .
T hi s  forum i s  the  last  in  a  ser i es  o f  three  water  roadmap fo r u m s bu i ld ing  f rom a  po int  o f  depar ture  in i t ia l l y  focused  on  new wa -
te r- re l ate d  te c h n o l o g i e s  a n d  h ow  to  a c c e l e rate  te c h n o l o g y ’s  r i s e 
f rom lab  bench  through  market ing  and  on  to  indust r y  app l i cat i o n .
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
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A p l e n a r y  s e s s i o n  i n  t h e  m o r n i n g  w a s  f o l l o w e d  b y  f o u r breakout  sess ions,  with  part ic ipants  able  to  choose which 
s e s s i o n  to  atte n d .   A n  a f te r n o o n  p l e n a r y  s e s s i o n  wa s  t h e n 
fo l l o we d  b y  t wo  b re a ko u t  s e s s i o n s .  Ea c h  b re a ko u t  a l l o we d 
p a r t i c i p a nt s  to  e n ga ge  i n  i n te n s i ve  p l a n n i n g  ( c h a r re tte )  i n 
which  var ious  “stakeholders”  ( inc lud ing  part ic ipants  f rom ac-
ademia ,  indust r y,  government ,  and  nonprof i t  o rgan izat ion s ) 
co l laborated  in  c reat ing  a  v i s ion  for  ac t ion .   A  f ina l  p lenar y 
sess ion  was  he ld  af ter  a l l  b reakouts  conc luded  to  summar i ze 
the  days  resu l ts  and  prov ide  a  charge  and  cha l lenge  to  forum 
par t i c ipants .
The  fu l l  fo rum agenda  i s  prov ided  as  Append i x  I I I
Four morn ing  breakout  charre t t e s :
•  Da t a ,  I n fo rma t ion ,  Commun ica t i on ,  Sha r ing ,  Expe r t i s e
•  Work fo rce ,  Educa t i on  Needs
•  Resea r ch  Needs  I :  Wa te r  Sou rce s  and  Transpo r t
•  Resea r ch  Needs  I I :  Wa te r  Use  and  Enab l i ng  Techno log i e s
Two a f t ernoon  breakout  charre t t e s :
•  Fund ing  Oppor tun i t i e s
•  Pa r t ne r sh ip  Oppor tun i t i e s
The  Water  Forum  Agenda
T h e  o b j e c t i v e  o f  2 0 1 6  Wa t e r  F o r u m  ro a d m a p p i n g  w a s  t o  f i n dconsensus among water experts on a pathways (plans)  to enhance 
data  handl ing ,  workforce  educat ion,  and research  partnersh ips  and 
fund ing  in  the  water  sector . 
T h e  2 0 1 6  Te x a s  Wa t e r  R o a d m a p 
F o r u m  w a s  d e s i g n e d  a s  a  c h a r r e t t e 
br inging  together  invi ted  water  sec tor 
leaders committed to addressing issues 
surrounding collect ion and use of  data, 
w o r k f o r c e  e d u c a t i o n ,  a n d  r e s e a r c h , 
i n c l u d i n g  p a r t n e r s h i p s  a n d  f u n d i n g . 
The  NSF /RCN-CE 3SAR se rved  a s  an 
i ndependen t  f a c i l i t a t o r . 
P a r t i c i p a n t s  f o c u s e d  o n  d e f i n i n g 
t he  mos t  c r i t i c a l  p rob l ems  f ac ing  t he 
i n d u s t r y  i n  t h e  a r e a s  o f  w o r k f o r c e 
educa t i on ,  da t a ,  and  r e sea r ch . 
Barriers and solutions were discussed. 
Participants also considered roles of the 
various water sectors and opportunities 
fo r  coopera t ion .  From th i s ,  a  pa thway 
fo r  p romo t ing  a  be t t e r  unde r s t and ing 
o f  how to  move  fo rwa rd  i s  p roposed .
Roadmaps
Se t t i ng  t he  s t age  t o  be t t e r  de f i ne 
d a t a ,  e d u c a t i o n  a n d  r e s e a r c h  i n  t h e 
context  of  a  roadmap are  two previous 
roadmapping  char re t te  forums:  h t tp : / /
TexasWaterTech.org  and h t tp s : / /
www. t amus . edu / r e sea r ch / t amus -
r e sou rce -nexus -wa t e r - fo rum/
Roadmaps  a r e  much  l i ke  s t r a t eg i c 
plans.   At  the outset ,  roadmaps require 
clear  vis ion of  the goal  and object ives. 
The  roadmap  d i sp l ays  a  con t inuum 
o f  s t eps  t o  t ake  t o  ach i eve  s t a t ed  ou t -
comes .  I t  ou t l i ne s  l i nks  among  t a sk s 
and  pr ior i t i es  for  ac t ion .  S takeholders 
h e l p  c r e a t e  a  c o n s e n s u s  a r o u n d  p e r -
f o r m a n c e  t a rg e t s ,  p a t h w a y s ,  a s s e t s , 
p r i o r i t i e s ,  obs t ac l e s ,  and  t ime  f r ames 
for  research ,  development ,  demonst ra-
t i on ,  and  dep loymen t .  
Roadmaps are of ten used as  a  means 
to help display and simplify understand-
ing  o f  comp lex  sy s t ems .  The  p roce s s 
i t se l f  engages  and  a l igns  s t akeho lders 
i n  a  common  cou r se  o f  a c t i on .  
B u i l d i n g  a  r o a d m a p  i s  a  d y n a m i c 
p rocess .  Over  t ime ,  the  roadmap  mus t 
evolve and be adapted,  accommodat ing 
t h e  s u c c e s s e s  a n d  f a i l u r e s  o f  i m p l e -
ment ing  roadmap-guided  ac t ions ,  wi th 
s t akeho lde r s  r ema in ing  engaged . 
Int roduc t ion  to  Roadmapping
2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
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W ater forum roadmapping  was  done  through  an  in tens ive  fa -c i l i ta t e d  p ro c e s s  c a l l e d  a  c h a r re t t e  w h i c h  i nv o l v e d  p e o p l e 
work i ng  together  under  compressed  dead l ines . 
C h a r r e t t e s  p r o v i d e  a n  i n t e r a c t i v e 
p roce s s  i n  wh ich  a  d ive r s e  g roup  o f 
stakeholders, representing pluridisciplinary 
perspectives (i .e. ,  multi-,  inter-,  cross-, 
a n d  t r a n s - d i s c i p l i n a r y )  a r e  b r o u g h t 
together. Participants follow a rigorous, 
f a c i l i t a t e d  v i s i o n - d r i v e n  p r o c e s s  t o 
a c h i e v e  s p e c i f i e d  o u t c o m e - o r i e n t e d 
goa l s  and  ob j ec t i ve s .  Cha r r e t t e s  a r e 
we l l - su i t ed  t o  encou rage  d i s cus s ions 
tha t  go  beyond convent ional  th inking , 
and  s t r e t ch  the  enve lope  o f  the  s t a tus 
quo into the realm of new possibil i t ies. 
P a r t i c i p a n t s  h a d  o p p o r t u n i t y  t o 
organize  and express  the i r  thoughts  in 
advance of  the charret te  by complet ing 
a  “ p r e - c h a r r e t t e  s u r v e y . ”  S u r v e y 
information was used to form charret te 
quest ions and inform faci l i tators  about 
a r ea s  o f  pos s ib l e  d i s cus s ion  i n  t he i r 
sma l l  g roups .
Upon arrival at Texas A&M University–
San  An ton io ,  pa r t i c i pan t s  r e ce ived  a 
w e l c o m e  f r o m  t h e  p r e s i d e n t  o f  t h e 
u n i v e r s i t y  a n d  a n  o b j e c t i v e - s e t t i n g 
presentat ion by TWDB Board Member, 
Ms. Kathleen Jackson. Participants then 
r e c e i v e d  a  b r i e f i n g  o n  t h e  c h a r r e t t e 
p roces s  and  we re  a sked  t o  a t t end  any 
one  o f  f ou r  cha r r e t t e  s e s s ions  i n  t he 
m o r n i n g  a n d  a n y  o n e  o f  t w o  i n  t h e 
a f t e rnoon . 
Discussions during charrette sessions 
o f f e r e d  p a r t i c i p a n t s  a n  o p p o r t u n i t y 
t o  con t r i bu t e  and  l e a rn  f rom o the r s . 
D i s c u s s i o n  i s  a n  e s s e n t i a l  e l e m e n t 
o f  t h e  c h a r r e t t e ,  b e c a u s e  i t  b e g i n s 
t h e  v i t a l l y - i m p o r t a n t  p r o c e s s  o f 
deve lop ing  a  common  unde r s t and ing 
among participants. While in subgroups, 
p a r t i c i p a n t s  b r o u g h t  f o r w a r d  t h e 
m o s t  c r i t i c a l  i s s u e s  r e g a r d i n g  d a t a , 
workforce,  and research.  They focused 
on  iden t i fy ing  ba r r i e r s  and  the  ro les 
of  the  pr iva te ,  government ,  academia , 
and  resea rch  sec to rs . 
Moving  f rom genera l i zed  to  more 
de t a i l ed  cons ide ra t ions ,  pa r t i c ipan t s 
es tab l i shed  agreements  on  so lu t ions , 
near-term needs, gaps, and scenarios for 
co l l abora t ion ,  coord ina t ion ,  fund ing , 
and  a l ignment  o f  oppor tun i t i e s .  Af te r 
breakout discussions,  a  closing session 
p rov ided  pa r t i c ipan t s  an  oppor tun i ty 
to  hear  h ighl ights  f rom each breakout . 
Breakout group facilitators presented 
the  summaries .  A presenta t ion  by lead 
facilitator Dr. Jorge Vanegas during the 
final plenary session offered participants 
an opportunity to contribute to possible 
nex t  s t eps .   Pa r t i c ipan t s  were  asked , 
“[I]f you had the power to ask the water 
p rofess iona l s  assembled  a t  the  fo rum 
to  do  one  th ing ,  wha t  would  i t  be  tha t 
you would ask us  to  do?” Time l imited 
t h e  n u m b e r  o f  p a r t i c i p a n t s  a b l e  t o 
contr ibute .  All  were invi ted to  provide 
answers  in  a  “pos t -char re t t e  su rvey.”
11
Water  Forum Charrettes
Resu l ts  -  Data  &  Informat ion
2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
12
Par t i c ipan t s  f i r s t  ag reed  tha t  t he  t e rm 
“data”  has  a  broader  def in i t ion  today than 
eve r  be fo re .   Trad i t i ona l ly,  da t a  has  gen -
e ra l ly  been  though t  o f  a s  the  quan t i t a t ive 
and  qua l i t a t i ve  r e su l t s  o f  s t ud i e s ,  o f t en 
res t r i c ted  to  numer ica l  va lues .  Today,  the 
t e rm  “da t a”  i nc ludes  so  much  more  t han 
j u s t  numbe r s  f r om a  s t udy,  i . e . ,  p r ima ry 
d a t a .   S e c o n d a r y  d a t a  i n c l u d e s  r e p o r t s , 
ana lys i s ,  and  communica t ions  abou t  da t a 
( e . g . ,  o n  s o c i a l  m e d i a ) .  A d d i t i o n a l l y, 
t he re  i s  the  con tex t  su r round ing  da ta ,  t he 
me t ada t a ,  a s  we l l  a s  t oo l s  t o  p roce s s  t he 
d a t a  o r  o rg a n i z e  t h e  d a t a  i n  a  w a y  t h a t 
c h a n g e s  t h e  m e a n i n g  o f  t h e  d a t a .   D a t a 
i s  s t o r ed  i n  a  va r i e t y  o f  l oca t i ons ,  bo th 
on-  and off - l ine ,  ex is t ing  in  a  fashion tha t 
o f t en  keeps  s imi l a r  da ta  se t s  f r agmen ted , 
i sola ted,  and mainta ined through differ ing 
s tandards  and plat forms.  This  condi t ion or 
“ s t a t e  o f  t he  da t a”  was  a  r e cu r r i ng  po in t 
o f  d i s c u s s i o n  t h r o u g h o u t  t h e  s e s s i o n . 
E x t r e m e  v a r i a t i o n  a n d  f r a g m e n t a t i o n  i n 
f o r m  a n d  f o r m a t  o f  s t o r e d  d a t a  a f f e c t s 
how e ff i c i en t l y  da t a  c an  be  l oca t ed ,  a c -
ce s sed ,  u sed ,  unde r s tood ,  va l i da t ed ,  and 
commun ica t ed .  
P a r t i c i p a n t s  s o u g h t  m e a n s  t o  b e t t e r 
o rgan i ze  da t a  s t o r age  and  acce s s ,  and  t o 
l e s s e n  t h e  s i l o i n g  o f  d a t a ,  o r  t o  d e s i g n 
a  m e a n s  t o  e f f e c t i v e l y  m a n a g e  a c r o s s 
s i l o s .   I t  was  no t ed  t ha t  eve ryone  i n  t he 
aud ience  po ten t ia l ly  i s  work ing  wi th in  an 
o rgan iza t ion  tha t  a l ready  has  i t s  own way 
o f  m a n a g i n g  a n d  s t o r i n g  d a t a  p r o d u c e d 
i n t e r n a l l y,  i n c l u d i n g  h o w  d a t a  g e t s  a c -
cessed  by o thers .  Some organiza t ions  may 
exp re s s ly  p roh ib i t  a cce s s  t o  da t a ,  excep t 
u n d e r  h i g h l y  c o n t r o l l e d  c i r c u m s t a n c e s 
wh i l e  o the r s  depend  on  immedia te  access 
and control  of  the data  for  their  operat ions 
(e .g . ,  a  pub l ic  u t i l i ty ) .   The  var ie ty  o f  o r-
gan i za t i ons  i n  t he  wa t e r  s ec to r  na tu r a l l y 
c r e a t e s  a  v a r i e t y  o f  s i l o s .   P a r t i c i p a n t s 
exp re s sed  an  i n t e r e s t  i n  mov ing  pa s t  ex -
i s t i ng  cond i t i ons ,  o r  a t  l e a s t  i n  c r ea t i ng 
b r i dges  be tween  t he  s i l o s .
Pa r t i c i pan t s  we re  a sked  t o  imag ine  a 
fu ture  where  ex is t ing  concerns  and  i s sues 
surrounding data  and communicat ion were 
r e so lved .  Wha t  wou ld  t ha t  l ook  l i ke  and 
wha t  cou ld  be  done  w i th  i t ?
He re  a r e  some  o f  t he  i dea s  o f  pa r t i c -
i p a n t s  w h o  r e c o m m e n d e d  a n  i d e a l  s t a t e 
o f  a f f a i r s  f o r  da t a ,  i n fo rma t ion ,  sha r i ng , 
exper t i se ,  and  communica t ion .   The  exer-
c i s e  gene ra t ed  s en t ences  beg inn ing  w i th 
“Wou ldn ’ t  i t  b e  g r ea t  i f…”
•  . . . a l l  d a t a  i s  open  t o  a cce s s  and  l ega l 
b a r r i e r s  r e s t r i c t i n g  a c c e s s  t o  a n d  u s e 
o f  da t e  we re  r educed .   So  much  da t a  i s 
p rop r i e t a ry  mak ing  i t  v i r t ua l ly  u se l e s s 
i n  a d d r e s s i n g  Te x a s ’ w a t e r  p r o b l e m s , 
o r  any th ing  e l s e . ”
T h i s  b r e a ko u t  s e s s i o n  fo c u s e d  o n  D a t a ,  I n fo r m a t i o n ,  C o m m u -n i c a t i o n ,  S h a r i n g ,  E x p e r t i s e .  Pa r t i c i p a n t  a t t e n t i o n  t u r n e d  t o 
d i s c u s s i o n  a b o u t  o v e r c o m i n g  i m p e d i m e n t s  t o  c o m m u n i c a t i n g , 
t ra n s m i tt i n g ,  a n d  a c c e s s i n g  d ata ,  re s e a rc h  n e e d s ,  ex p e r t i s e ,  a n d 
other  in format ion  about  Texas  water  sc ience ,  po l i cy,  and  res e a rc h 
to  increase  and  improve  i t s  use  by  dec i s ion  makers ,  agenc ies ,  a n d 
others .  Quest ions  posed  to  the  group  inc luded  the  fo l lowing :   H ow 
can  informat ion  be  shared  most  effect ive ly  and  eff i c ient ly?  Idea l ly, 
who  shou ld  lead  ef for ts  to  deve lop  informat ion  shar ing  resources?
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
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•  . . . there is  a  s tatewide database avai lable 
t h rough  s t anda rd  i n t e rne t  connec t i ons 
w i th  i ndex ing  tha t  i s  ea s i l y  s ea rchab le 
by  s c i en t i s t s  and  t he  pub l i c . ”
•  . . . t e c h n i c a l  p e o p l e  a r e  b e t t e r  t r a i n e d 
t o  be t t e r  commun ica t e  abou t  da t a  and 
in format ion  to  the  dec i s ion  makers  and 
t o  t he  gene ra l  pub l i c . ”
•  . . . t h e r e  a r e  n o r m s  a n d  s t a n d a r d s  f o r 
t y p e s  o f  d a t a  r e p o r t i n g ,  i n c l u d i n g  a 
p r o c e s s  t o  r e s o l v e  c o n f l i c t s  i n  d a t a 
f o rma t s  a c ro s s  o rgan i za t i ons . ”
•  . . . there  i s  a  s ingle  p lace  to  f ind out  who 
i s  do ing  wha t  i n  wa t e r.   Eve ryone  ha s 
l i s t s  tha t  they  look  a t ,  bu t  i t ’s  d i ff i cu l t 
t o  s ay  t he r e  i s  j u s t  one  p l ace  t o  l ook 
fo r  an  expe r t . ”
•  . . . t h e r e  i s  e x p e r t  d e s i g n  “ v i e w s ”  o r 
“ d a s h b o a r d s ”  f o r  s p e c i f i c  a u d i e n c e s , 
r e v e a l i n g  l i n k a g e s  b e t w e e n  p r i m a r y, 
secondary  and  me ta  da ta ,  i nc lud ing  in -
format ion  about  why the  da ta  i s  c rea ted 
and  how da t a  i s  f unded . ”
Pa r t i c i pan t s  ag reed  t ha t  i f  you r  j ob  i s 
t o  dea l  w i th  any  o f  t he  above  i s sue s  t ha t 
t h e r e  i s  n o  e a s y  r e s o l u t i o n  o r  r o u t e  t o 
a c h i e v e  t h e  e n d p o i n t s  e n v i s i o n e d .  T h e y 
t hen  sugges t ed  t ha t  t he r e  a r e  s i gn i f i c an t 
a n d  i n s t a n t  b e n e f i t s  t o  w o r k i n g  t o w a r d 
i m p r o v e d  c o o r d i n a t i o n  a n d  c o m m u n i c a -
t i on  o f  da t a  s e t s .   Fo r  examp le ,  t he r e  a r e 
subs t an t i a l  oppo r tun i t i e s  t o  r educe  cos t s 
of  programs through increas ing eff ic iency 
a n d  r e d u c i n g  n e e d  t o  d u p l i c a t e  d a t a  a l -
r e ady  ex i s t i ng  i f  one  can  l oca t e ,  a cce s s , 
u s e ,  a n d  c o n s o l i d a t e  e x i s t i n g  d a t a  s e t s . 
There also would be increased opportuni ty 
to  communica te  wi th  dec is ion  makers  and 
t h e  g e n e r a l  p u b l i c  –  a n d  t o  d o  s o  w i t h 
g r e a t e r  c r e d i b i l i t y  –  i f  e v e r y o n e  u n d e r -
stands scientists  and communicators are al l 
wo rk ing  f rom a  s i ng l e  ( o r  synch ron i zed ) 
and  r e l i ab l e  da t a  s e t .
Pa r t i c ipan t s  l ooked  a t  t he  a r ea  o f  r i sk 
managemen t .   The re  was  ag reemen t  t ha t 
t he r e  needs  t o  be  g r ea t e r  c l a r i f i c a t i on  o r 
m e t h o d o l o g y  t o  i d e n t i f y  t h e  r i s k  l e v e l 
a s soc i a t ed  w i th  ce r t a i n  da t a se t s  f o r  spe -
c i f i c  u se s .   Th i s  a ccen tua t ed  t he  no t i on 
t h a t  n o t  a l l  d a t a  a r e  e q u a l  i n  t e r m s  o f 
qua l i t y,  t ime l i ne s s ,  and  o the r  impor t an t 
f a c t o r s  t h a t  d e t e r m i n e  t h e  l e v e l  o f  u s e -
fu lness  o r  r e l i ab i l i t y.   Pend ing  use ,  t he re 
can be  r isk ,  for  example  when data  are  use 
i n  app l i c a t i ons  t ha t  c a r ry  r i sk  t o  human 
hea l t h  o r  s a f e ty,  such  a s  wa t e r  t r e a tmen t 
o r  wa t e r shed  mode l i ng .   The re  shou ld  be 
deve loped  a  means  t o  p romo te  s t anda rds 
and  no rms ,  a s  we l l  a s  eva lua t e  t he  r e l a -
t ive  qua l i ty  and  t ime l iness  o f  da ta  ac ross 
var ious  da ta  se t s .   As  a  component  o f  th i s 
e v a l u a t i o n ,  t h e r e  w a s  c o n c e r n  t h a t  t h e 
qua l i t y  o r  u se fu lne s s  o f  da t a  c an  change 
ove r  t ime .   Some  k inds  o f  da t a  ge t  “o ld” 
ve ry  f a s t .   Fo r  t he  pu rpose  o f  eva lua t ion , 
p a r t i c i p a n t s  s u g g e s t e d  t h a t  o r i g i n a t o r s 
o f  da t a  may  have  t he  be s t  pe r spec t i ve  on 
t he  u se fu lne s s  o f  any  pa r t i cu l a r  da t a  s e t 
ove r  t ime ,  so  l i nkages  o r  b r i dges  back  t o 
o r i g i n a t o r s  o f  d a t a  a r e  e s s e n t i a l  i n  a n y 
comprehens ive  da t a  s t o r age  p l a t fo rm . 
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Fol lowing a long th is  l ine ,  par t ic ipants 
a l so  sugges t ed  t ha t  some  e f fo r t  be  made 
t o  p r e d i c t  t h e  t y p e s  o f  d a t a  t h a t  w o u l d 
be  r equ i r ed  i n  t he  fu tu r e .
Pa r t i c i pan t s  sugges t ed  a  r o l e  f o r  t he 
p r i v a t e  s e c t o r  i n  h e l p i n g  v e r i f y  s o u r c e 
da t a ,  a s  a  means  t o  expand  da t a  qua l i t y 
a s s e s s m e n t  b e y o n d  t h e  a c a d e m i c  a n d 
i n s t i t u t i ona l  r e s ea r ch  commun i ty.   Th i s 
was  thought  to  help  in t roduce evaluat ions 
o f  e conomic ,  soc i a l  and  na tu r a l  sy s t ems 
va lue .   Th i s  may  b r i ng  i n to  p l ay  f ac to r s 
t ha t  may  be  beyond  t he  s cope  o f  t he  i n -
t en t  o f  o r i g ina to r s  o f  a  da t a  s e t .  I t  w i l l 
increase  the  level  of  complexi ty,  but  such 
eva lua t ions  may provide  a  more  rea l i s t ic , 
r ea l -wor ld  eva lua t ion ,  espec ia l ly  i f  the re 
i s  any  in ten t  fo r  da ta  to  be  used  in  indus-
t ry,  u t i l i ty,  wa te r  d i s t r i c t ,  o r  government 
app l i c a t i ons .
P a r t i c i p a n t s  c o n c e n t r a t e d  e f f o r t s  o n 
expla ining how to  es tabl ish  s tandards  and 
norms that  faci l i tate data sharing,  improve 
use ,  eva lua te  r i sks ,  and  assess  soc ia l  and 
economic considerations,  including how to 
make  t he  da t a  more  ava i l ab l e  and  u se fu l 
to  diverse audiences.   In  the course of  this 
more  focused  examina t i on ,  pa r t i c i pan t s 
conc luded  t ha t  gove rnmen t  en t i t i e s ,  bu t 
no t  any  s i ng l e  one ,  wou ld  be  be s t  su i t -
e d  t o  b u i l d  p l a t f o r m s  f o r  d a t a  s h a r i n g . 
Th i s  was  conc luded  de sp i t e  pa r t i c i pan t s 
agreeing to the ideal  of 
having one open source 
fo r  da t a .   Pa r t i c i pan t s 
f e l t  s uch  an  i dea l  was 
probably  cur ren t ly  un-
r e a l i s t i c  t o  e x p e c t  t o 
ac tua l ly  happen.   Gov-
e rnmen t  en t i t i e s  we re 
cons ide red  bes t  su i t ed 
t o  b u i l d  d a t a  s t o r a g e 
p l a t fo rms  and  b r i dges 
b e t w e e n  p l a t f o r m s . 
P a r t i c i p a n t s  r e a s o n e d 
tha t  many  gove rnmen t 
e n t i t i e s ,  f o r  e x a m p l e 
mos t  federa l  agenc ies , 
are required to maintain 
informat ion in  an  open 
s o u r c e  f a s h i o n ,  m a k e 
da t a  a cce s s ib l e  t o  t he  pub l i c ,  and  many 
have  bo th  expe r i ence s  and  r equ i r emen t s 
to  design,  bui ld,  and maintain information 
fo r  pub l i c  u se .
P a r t i c i p a n t s  a l s o  s u g g e s t e d  a  w a y 
t o  m o v e  t h e  r e c o m m e n d a t i o n s  f o r w a r d . 
I n s t ead  o f  an  i n s t an t  r e s t r uc tu r i ng ,  t hey 
sugges t ed  evo lu t i on  t oward  da t a  r epos i -
to r i e s  on  a  p r io r i ty  bas i s  and  by  bu i ld ing 
c a s e  s t u d i e s ,  u s i n g  a s  e x a m p l e s  s m a l l 
ex i s t i ng  da t abase  p l a t fo rms  t ha t  a r e  a c -
cess ib le  and  pe r fo rming  in  a  sa t i s f ac to ry 
fash ion  for  users .   By bui ld ing  on  cur ren t 
success  s tor ies  for  smal ler  data  sets ,  more 
complex  da t abases  can  be  added  th rough 
t h e  a c t i o n  o f  g r o u p s  w o r k i n g  t h r o u g h 
consor t i a  and  co l l abora t ions .   To  suppor t 
s u c h  p r o g r e s s ,  p a r t i c i p a n t s  s u g g e s t e d 
t h e  o v e r w h e l m i n g  a m o u n t  o f  d a t a  n o w 
ava i lab le  requi res  appl ica t ion  of  b ig  da ta 
ana ly t i c  p l a t fo rms  t o  advance  a s s imi l a -
t i o n ,  i n c l u d i n g  c r e a t i n g  d a s h b o a r d s  f o r 
v i sua l i z a t i on  o f  wha t  da t a  i s  whe re  and 
v i s u a l i z a t i o n  o f  p o t e n t i a l  a p p l i c a t i o n s . 
I n  o t h e r  w o r d s ,  p a r t i c i p a n t s  f e l t  t h a t 
t he r e  i s  such  a  l a rge  and  va r i ed  amoun t 
o f  da t a  now ava i l ab l e  i n  Texas ,  t ha t  i t ’s 
n o t  j u s t  b e t t e r  p l a c e m e n t  a n d  l i n k a g e s 
o f  da t a  t ha t ’s  needed .   A l so  needed  i s  a 
be t t e r  means  t o  d i s t i l l  a l l  t h a t  da t a  i n to , 
o r  t h rough  some th ing  t ha t  c an  be  unde r-
s t ood  o r  v i sua l i z ed  fo r  u se .
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Par t i c ipan t s  eva lua t ed  t he  no t i on  t ha t 
peop le ’s  f a i t h  i n  wa te r  manag ing  in s t i t u -
t ions  i s  dwind l ing  in  the  a f t e rma th  o f  the 
publ ic i ty  surrounding recent  water  qual i ty 
even t s  tha t  were  ha rmfu l  to  pub l i c  hea l th 
in  F l in t ,  Mich igan .   The  resu l t  has  been  a 
he igh t ened  pub l i c  r e cogn i t i on  o f  a  need 
for  educa t ion  and  workforce  deve lopment 
i n  t he  wa t e r  t r e a tmen t  i ndus t ry.
C o n t i n u i n g  t o  u s e  e x a m p l e s  i n  t h e 
p u b l i c  h e a l t h  s y s t e m  a s  a n  a n a l o g ,  p a r-
t i c i p a n t s  s t a t e d  t h a t  t h e r e  i s  n e e d  f o r  a 
m o r e  l i b e r a l  e d u c a t i o n  f o r  p e o p l e  w h o 
work  i n  wa t e r  managemen t .  I n  t he  pa s t , 
m o s t  w a t e r  m a n a g e m e n t  w o r k e r s  w h o 
h e l d  f o u r - y e a r  d e g r e e s  w e r e  t r a i n e d  a s 
c iv i l  eng inee r s .   Pa r t i c i pan t s  ag reed  t ha t 
f u tu r e  educa t i on  o f  s t uden t s  s eek ing  em-
p loymen t  i n  a r ea s  o f  wa t e r  managemen t 
and conservat ion  needs  to  be  broader  than 
t h a t  g e n e r a l l y  a v a i l a b l e  t h r o u g h  a  c i v i l 
e n g i n e e r i n g  d e g r e e  p r o g r a m .   S t u d e n t s 
shou ld  r ece ive  t r a i n ing  i n  e t h i c s ,  po l i cy, 
bus ines s ,  soc io logy,  and  communica t ion .
U n i v e r s i t y  Tr a i n i n g .  I t  a p p e a r e d  c l e a r 
tha t  mainta in ing a  re levant  curr iculum for 
w a t e r  w o r k f o r c e  t r a i n i n g  a n d  e d u c a t i o n 
requires  universi ty  educators  and adminis-
t ra t ion  to  unders tand and be  respons ive  to 
industry  needs  for  workers .   Industry  need 
i s  now d r iven  by  r egu l a to ry  r equ i r emen t 
c h a n g e s  a n d  b y  a d v a n c i n g  t e c h n o l o g i e s 
and  r ap id  i nco rpo ra t i on  o f  new  t echno l -
og ie s  i n to  f ac i l i t y  des ign ,  ope ra t i on ,  and 
renovat ion .   However,  there  appears  to  be 
l i t t l e  o r  no  r ap id  a l i gnmen t  be tween  un i -
ve r s i ty  cu r r i cu la ,  chang ing  t echno log ies , 
and  r egu l a t i on  changes .   The re  needs  t o 
be  more  t ime ly  a l ignment  be tween  po l i cy 
makers ,  educa tors ,  and  workforce  provid-
e r s .  Th i s  d i s c r epancy  ex i s t s  d e s p i t e  t he 
f a c t  t h a t  t h e r e  i s  l i t t l e  l i k e l i h o o d  t h a t 
ye s t e rday ’s  cu r r i cu l a  o f f e r ed  t o  s t uden t s 
who  wanted  to  work  in  the  wa te r  indus t ry 
wi l l  p rov ide  the  bes t  t r a in ing  fo r  the  jobs 
o f  t oday  and  t omor row.   No  l onge r  i s  t he 
w a t e r  i n d u s t r y  a  s l e e p y  s t a t i c  i n d u s t r y. 
Univers i t i es  need  to  wake  up  and  respond 
i f  thei r  degree  programs and graduates  are 
t o  r ema in  r e l evan t .  Un ive r s i t y  cu r r i cu l a 
need  t o  be  f l ex ib l e  and  adap t .
Fu r the r,  a s  a  pe r son  moves  fo rward  in 
t he i r  c a r ee r,  wh i l e  t hey  may  s t a r t  on  t he 
o p e r a t i o n a l  s i d e  o f  t h e  b u s i n e s s ,  m a n y 
workers  eventual ly  end up on the  planning 
a n d  m a n a g e m e n t  s i d e  o f  t h e  b u s i n e s s . 
Sometimes this  may not  be by choice.   Par-
t ic ipants  ques t ioned  i f  s tudents  in  today’s 
wa t e r  p rog rams  l e a rn  wha t  t hey  need  t o 
know to  make  t h i s  t r an s i t i on  e f f i c i en t l y 
and  e f f ec t i ve ly.   S tuden t s  shou ld  a t  l e a s t 
have  t he  op t i on  t o  r e ce ive  ba s i c  t r a i n ing 
u s e f u l  i n  m o v i n g  i n t o  m a n a g e m e n t  a n d 
admin i s t r a t i on . 
Dur ing  p lenary  d iscuss ions ,  a l l  par t ic -
i pan t s  we re  a sked  i f  any  un ive r s i t y  p ro -
g rams  a re  now p rov id ing  a  more  ho l i s t i c , 
o r  d ive r s e  educa t i on .   I n  an swer,  i t  was 
s t a t ed  t ha t  t he r e  a r e  some  g r adua t e  l eve l 
p r o g r a m s  t h a t  a l l o w  s t u d e n t s  t o  d e s i g n 
interdiscipl inary programs for  themselves. 
The  g radua te  p rogram in  “Wate r  Manage-
men t  and  Hydro log ica l  Sc ience”  a t  Texas 
A & M  i s  a n  e x a m p l e .  I t  w a s  s t a t e d  t h a t 
there  a re  few,  i f  any  programs adapt ing  to 
t oday’s  needs  a t  t he  unde rg radua te  l eve l . 
T hi s  breakout  sess i on  focused  d i scuss ion  on  the  need  for  more h igh ly  educated ,  sk i l led ,  and  degreed  water  workers  for  the  fu -
ture .   What  are  current  and future  water  workforce  needs?   How do 
we  address  these  needs  to  the  benef i t  o f  Texas ’  water  indust r i es , 
g roundwater  conser vat ion  d i st r i c t s ,  u t i l i t ies ,  and  others?
Resu l ts  -  Workforce  Educat ion
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The  p roposed  unde rg radua t e  p rog ram a t 
Texas  A&M Unive r s i t y–San  An ton io  was 
ment ioned  as  a  s tep  in  the  r igh t  d i rec t ion . 
The re  appea red  t o  be  a  f e e l i ng  among 
p a r t i c i p a n t s  t h a t  m o s t  u n i v e r s i t i e s  a r e 
complete ly  miss ing out  on an opportuni ty: 
wa t e r  i ndus t ry  needs  a r e  no t  be ing  me t , 
thus  s tuden t s  a re  miss ing  the  oppor tun i ty 
t o  t r a i n  f o r  j obs  i n  a  good  pay ing  s t ab l e 
i n d u s t r y  t h a t  i s  o f t e n  l o c a t e d  r i g h t  i n 
the i r  backyard .  There  was  ag reement  tha t 
i n t e rn sh ip s  a r e  c r i t i c a l l y  impor t an t  a s  a 
way  t o  ga in  expe r i en t i a l  l e a rn ing  i n  t he 
wa te r  i ndus t ry.  Such  expe r i ence  can  on ly 
b e  o b t a i n e d  b y  w o r k i n g  a t  o r  a r o u n d  a 
wa t e r  p l an t ,  no t  j u s t  by  r ead ing  abou t  a 
p l an t  o r  t ak ing  a  t ou r 
D i v e r s i t y .  T h e r e  w a s  d i s c u s s i o n  a b o u t 
need for  greater  divers i ty  in  the workforce 
and  t he  ro l e  o f  un ive r s i t i e s  i n  a ch i ev ing 
s u c h  d i v e r s i t y.   P a r t i c i p a n t s  d e s c r i b e d 
d i v e r s i t y  a s  m o r e  t h a n  j u s t  d i v e r s i t y  o f 
e thnic i ty,  race ,  and  gender  of  water  work-
e r s ,  however,  because  they  fe l t  the re  a l so 
needs  to  be  grea ter  d ivers i ty  in  leadership 
r anks  and  i n  t he  d i s c ip l i ne s  s t uden t s  a r e 
exposed to .   This  cont inues  the  d iscuss ion 
about  un ivers i t i es  offe r ing  a  broader  edu-
cat ion ,  going beyond the  genera l  model  of 
wa t e r  worke r s  coming  f rom a  t r ad i t i ona l 
c i v i l  e n g i n e e r i n g  p r o g r a m .  T h e r e  w a s  a 
f e e l i ng  worke r s  a l so  need  t o  come  wi th 
backgrounds  in  wa te r  management ,  wa te r 
r e sources ,  wa te r  conse rva t ion ,  and  more .
Participants advised that the water work-
fo r ce  shou ld  be  r e f l e c t i ve  o f  t he  soc i e ty 
i t  i s  se rv ing .  Thus ,  managers /d i rec to r s  o f 
water  u t i l i t ies  or  d is t r ic ts  should take in to 
a c c o u n t  t h e  s o c i a l  a n d  e c o n o m i c  n a t u r e 
o f  t he  commun i ty  and  peop l e  t hey  s e rve . 
Managers  should support  educat ing people 
in  the  loca l  a rea  to  t ake  the  jobs  tha t  wi l l 
even tua l ly  appea r  in  the  u t i l i t y  managed . 
Pa r t i c i pan t s  adv i s e  t h i s  w i l l  he lp  ensu re 
t h e  u t i l i t y  m e e t s  t h e  t e c h n i c a l  n e e d s  o f 
s t akeho lde r s  f o r  s e rv i ce s  a s  we l l  a s  t he 
s o c i a l  a n d  p o l i t i c a l  n e e d s  f o r  e n s u r i n g 
t ransparency  and  openness  to  s takeholder 
op in ion ,  pub l i c  educa t ion  and  pe rcep t ion 
o f  unde r s t and ing  o f  s t akeho lde r  needs .  
Workforce Longevity.  Par t ic ipants  recog-
nized that  the notion that  workers wil l  s tay 
in  a  pos i t ion  for  decades ,  which  may have 
been  the  mode l  in  the  pas t ,  wi l l  no  longer 
h o l d  u p .   I t  i s  m o r e  l i k e l y  t h a t  c u r r e n t 
t r ends  i n  o the r  i ndus t r i e s ,  whe r e  worke r 
t enu re  i s  on ly  a  f ew  yea r s ,  w i l l  b ecome 
the  new model  in  the  water  indust ry  as  the 
coming  wave  o f  r e t i r emen t s  u she r s  i n  a 
new  gene ra t i on  o f  wa t e r  worke r s .   The re 
i s  an  expec ta t ion  tha t  th i s  wi l l  he lp  b r ing 
i n  a  c o n t i n u a l  s t r e a m  o f  n e w  i d e a s  a n d 
new  ways  o f  do ing  t h ings . 
Public  Outreach-Educat ion.  Par t ic ipants 
d e s c r i b e d  a  g r o w i n g  d i c h o t o m y  i n  n e e d 
fo r  educa t i on  o f  t he  pub l i c  and  need  fo r 
educa t i ona l  ou t r each  by  member s  o f  t he 
w o r k f o r c e ,  e d u c a t o r s  a n d  e d u c a t i o n a l 
i n s t i t u t i ons .   Wh i l e  t he  need  t o  educa t e 
t he  work fo rce  i s  we l l  de f i ned ,  t he r e  a l so 
i s  a  c r i t i c a l  and  g rowing  need  t o  educa t e 
members  o f  t he  gene ra l  pub l i c .   In  de f in -
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
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ing  wha t  they  mean t  by  “genera l  pub l ic , ” 
f o rum pa r t i c i pan t s  f e l t  t h a t  educa t i ona l 
programs need to be directed to everyone – 
a l l  segments  of  the  publ ic  –  because  need 
fo r  wa t e r,  u se  o f  wa t e r,  and  d i sposa l  o f 
wa t e r  a f f ec t  eve ryone .   Pa r t i c i pan t s  f e l t 
t h a t  i f  t he  pub l i c  doesn ’ t  unde r s t and  t he 
va lue  o f  wa t e r,  t hen  wa t e r  manage r s  and 
manag ing  agenc i e s  w i l l  f a ce  con t i nu ing 
and  g rowing  cha l l enges  manag ing  wa t e r 
and  con t i nuous ly  improv ing  wa t e r  man -
agemen t  i n f r a s t ruc tu r e .
Serving the Needs of Rural Texas.  Partic-
ipants  pointed out  a  need to  recognize and 
account  fo r  the  fac t  tha t  d i ffe ren t ly  s ized 
commun i t i e s  a r e  go ing  t o  have  d i f f e r en t 
n e e d s  f o r  w a t e r  w o r k e r s  a n d  e d u c a t i o n 
a b o u t  w a t e r.   L a rg e - s c a l e  w a t e r  w o r k s 
are  more complex,  wi th  more demands for 
t rea tment  and on the  workforce ,  requir ing 
larger better trained workforces. There will 
b e  g r e a t e r  d e m a n d  f o r  a d d i t i o n a l  s k i l l s 
i n  a  l a rge r  ve r su s  sma l l e r  commun i ty  a s 
wa t e r  worke r s  advance  i n  t he i r  c a r ee r s .  
P a r t i c i p a n t s  r a i s e d  c o n c e r n s  a b o u t 
supp ly  and  demand  fo r  app ropr i a t e ly  ed -
uca ted  and  expe r i enced  wa te r  worke r s  in 
Texas ’ sma l l  and  ru r a l  commun i t i e s .   I n 
the future,  should regulatory requirements 
or  o ther  necess i t ies  demand use  of  h igher 
t e c h  w a t e r  s o l u t i o n s  i n  s m a l l  a n d  r u r a l 
c o m m u n i t i e s ,  t h e n  w a t e r  w o r k e r s  w i t h 
h igh  levels  of  t ra in ing  may be  requi red  to 
ope ra t e  such  p l an t s  u s ing  more  complex , 
new  t echno log i e s .   Worke r s  hav ing  h igh 
levels  of  t raining wil l  l ikely expect  higher 
l eve l s  o f  compensa t ion  and  benef i t s  than 
has  been  genera l ly  a s soc ia t ed  wi th  wa te r 
workers in rural  Texas.   Participants raised 
ques t ions  abou t  sma l l  r u ra l  communi t i e s 
b e i n g  a b l e  t o  a f f o r d  a n d  r e t a i n  h i g h l y 
t r a i ned  worke r s .   Bu t  i t  was  no t  j u s t  t he 
chal lenge of  meeting compensat ion expec-
t a t i ons  t ha t  was  d i s cus sed .  Worke r s  w i l l 
need  con t inu ing  educa t i on  and  w i l l  need 
to be comfortable l iving in small ,  possibly 
r emote  communi t i e s  w i th  pos s ib l e  l im i t -
ed  educa t i ona l  and  soc i a l  oppo r tun i t i e s 
f o r  a  f ami ly.   One  pa r t i c i pan t  sugges t ed 
th i s  may present  an  oppor tuni ty  to  des ign 
sma l l  wa t e r  f a c i l i t i e s  f o r  ope ra t i on  and 
managemen t  t h rough  a  v i r t ua l  i n t e r f ace .
Legacy Infrastructure: Training and Ed-
ucat ion.  In  many locat ions  in  Texas  there 
r emains  o ld  in f ras t ruc tu re  tha t  con t inues 
t o  p r o v i d e  d a y - t o - d a y  w a t e r  t r e a t m e n t 
services .   From dams,  to  t rea tment  p lants , 
to  underground water  and wastewater  pipe 
there  i s  o ld  in f ras t ruc ture  in  p lace  tha t  i s 
un l i ke ly  t o  be  r ep l aced  fo r  many  yea r s , 
r ega rd l e s s  o f  how f a r  wa t e r  t e chno logy 
advances .  Pa r t i c i pan t s  adv i s e  t ha t  t he r e 
wi l l  r emain  a  need  to  t ra in  wate r  workers 
to  operate  systems that  have been in  place 
f o r  t e n s  o f  d e c a d e s .  E l s e w h e r e  i n  t h i s 
r epo r t  we  adv i se  t ha t  t he re  i s  no t  a lways 
t i m e l y  a l i g n m e n t  w i t h  w h a t  t h e  w a t e r 
i ndus t ry  needs ,  wha t  po l i cy  make r s  a r e 
look ing  fo r,  and  wha t  educa to r s  p rov ide . 
Concerns  abou t  t r a in ing  fo r  opera t ion 
and  management  o f  l egacy  in f ras t ruc tu re 
does not  confl ict  with the need for  respon-
s i v e  f o r w a r d  p r o g r e s s  o n  d e f i n i n g  n e w 
cu r r i cu l a ,  because  t he  l egacy  in f r a s t ruc -
t u r e  may  be  so  o ld  t ha t  on ly  s i t e -by - s i t e 
t r a i n ing  w i l l  add re s s  t he  need .   A t  be s t , 
th is  i s  s top-gap t ra in ing,  as  eventual ly  a l l 
sys tems fa i l  and  wi l l  need  to  be  rep laced . 
In  the  meant ime,  there  wi l l  cont inue to  be 
a  need  fo r  educa t ion  and  t r a in ing  fo r  o ld 
f a c i l i t i e s ,  bu t  pa r t i c i pan t s  a sked ,  “wha t 
k ind  o f  t r a i n ing  shou ld  i t  b e?”   Shou ld 
t raining modules be developed while  there 
a r e  s t i l l  ope ra to r s  i n  p l ace?   I f  no t ,  wha t 
h a p p e n s  w h e n  e x i s t i n g  p l a n t  o p e r a t o r s 
r e t i r e ,  o r  m o r e  t o  t h e  p o i n t ,  l e a v e  s u d -
den ly?   The re  i s  go ing  t o  be  a  wave  o f 
r e t i r emen t s  i n  t he  nea r  f u tu r e  wh ich  ha s 
been the subject of considerable discussion 
w i th in  t he  wa t e r  i ndus t ry.   Wi l l  a l l  t h a t 
knowledge  go  away?  And  then  wha t  hap -
pens  in  the  a ffec ted  communi t i es?   There 
i s  a  n e e d  t o  s t o r e  k n o w l e d g e  a n d  t r a i n 
peop l e  when  needed .   As  such  t he r e  w i l l 
con t i nue  t o  be  a  need  fo r  some  two-yea r 
associa te  degrees  and l icensing programs, 
bu t  the re  a l so  wi l l  be  a  need  fo r  the  more 
l ibe ra l ,  more  expans ive  four-yea r  degree 
de sc r i bed  ea r l i e r.  S tuden t s  who  s eek  t o 
e n t e r  t h e  w a t e r  i n d u s t r y  n o w  w i l l  m o s t 
l i ke ly  even tua l ly  end  up  manag ing  wa te r 
r e sources ,  a s  opposed  to  ju s t  ope ra t ing  a 
wa te r  p l an t  a s  may  have  been  the  pa t t e rn 
i n  t he  pa s t .
Resu l ts  -  Research  Needs  I
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Research  Needs
Cl imate .  The re  i s  a  need  t o  a s se s s  and 
mode l  fu tu re  c l ima te  wi th  an  inc reased 
focus  on  t he  ex i s t i ng  pa s t  r e co rd  and 
how tha t  r e co rd  can  be  u sed  a s  a  ba s i s 
f o r  mak ing  fu tu r e  dec i s i ons .   Th i s  i n -
c ludes  work  to  under s t and  and  accoun t 
for  cl imate extremes that  have happened 
beyond the  las t  100 years ,  looking back 
a t  v a r i a b i l i t i e s  a n d  p r o b a b i l i t i e s ,  a s 
we l l  a s  t he  l i ke l i hood  o f  r ecu r r ence  o f 
h i s t o r i c  c l ima t e  even t s .
Wa t e r  Av a i l a b i l i t y.  P a r t i c i p a n t s  r e c -
ommended  new work  to  expand  cur ren t 
wa t e r  ava i l ab i l i t y  mode l s  t o  i n t eg ra t e 
s u r f a c e  w a t e r  a n d  g r o u n d w a t e r  d a t a . 
There  a l ready are  good separa te  models 
f o r  su r f ace  wa t e r  and  fo r  g roundwa te r 
ava i l ab i l i t y.   Bu t ,  r e sea rche r s  a r e  on ly 
a t  the  edge  of  unders tanding  how to  in -
tegra te  those  water  models  in to  a  s ingle 
mode l  tha t  t akes  in to  cons ide ra t ion  the 
c o m p l e x  i n t e r a c t i o n s  b e t w e e n  w a t e r 
s o u r c e s  a n d  f a c t o r s  t h a t  a f f e c t  t h o s e 
i n t e r ac t i ons  ( e . g . ,  evapo t r ansp i r a t i on , 
soi l  prof i les ,  subsurface  geology,  faul t -
i ng  and  f r ac tu r i ng ) .   Th i s  works  needs 
t o  con t i nue  and  expand .
T h e  U n k n o w n .  Wo r k e r s  i n  t h e  w a t e r 
sec tor  grapple  wi th  many regula tory  re-
quirements  affect ing water  management 
i n  Texas .  The  r egu l a to ry  env i ronmen t 
drives workers in the research community 
t o  s t u d y  a n d  m o d e l  w h a t  i s  c u r r e n t l y 
known to  sa t is fy  present-day regulatory 
r equ i r emen t s  and  cons t ruc t s .   Pa r t i c i -
pan t s  f e l t  t ha t  t he  r e sea rch  communi ty 
must move beyond what we already know 
to  make  i nc r emen ta l  improvemen t s  i n 
unders tanding  what  we  don’t  know tha t 
may  impac t  Texas  wa t e r  i n  t he  fu tu r e . 
A n  e x a m p l e  i s  e x a m i n a t i o n  o f  w h a t 
migh t  happen  a s  a  r e su l t  o f  an  ex t r eme 
drought  of  his tor ic  proport ion.  How can 
we  manage  such  an  occu r r ence?   Ju s t 
this  one possible example opened a wide 
range of  d iscuss ion among par t ic ipants . 
They posed new and clever ways to draw 
on  cu r r en t l y  unused  o r  unusab l e  wa t e r 
sou rces .  They  a l so  sugges t ed  a t t en t ion 
be  g iven  t o  how to  i n t eg ra t e  new  wa-
t e r  w i th  wa t e r  t r e a tmen t  and  de l i ve ry 
i n f r a s t r u c t u r e ,  t o  a v o i d  w a t e r  q u a l i t y 
d r i v e n  p u b l i c  h e a l t h  i m p a c t s  s u c h  a s 
occu r r ed  i n  2016  i n  F l i n t ,  Mich igan .
Communi ty  Needs
M e e t i n g  N e e d s  o f  S o c i e t y.   P a r t i c i -
p a n t s  a g r e e d  t h a t  t h e  w a t e r  r e s e a r c h 
commun i ty  needs  t o  do  a  be t t e r  j ob  a t 
addressing the broader  needs of  society. 
Wate r  s t akeholders  in  u rban ,  suburban , 
and  ru ra l  communi t i e s  t end  to  see  on ly 
short- term impacts  and immediate needs 
for solutions to water issues.  In contrast , 
members of the water research community 
( a c a d e m i a / r e s e a r c h  i n s t i t u t i o n s )  m a y 
no t  s ense  a s  much  u rgency  i n  f i nd ing 
T his breakout  sess ion  focused on  d iscuss ion  of  the  most  press ing current  and future  research  needs  in  the  areas  of  water  sources 
and  t ransport .   Th i s  inc luded  but  was  not  l imi ted  to  the  fo l l owi n g : 
c o n v e n t i o n a l  s o u r c e s ,  r e s e r v o i r s ,  g r o u n d w a t e r,  a q u i fe r  s t o ra g e 
and  recover y,  g ray  water,  reuse ,  p ipe l ines ,  moni tor i ng ,  ra inwate r 
har vest ing ,  energy  usage ,  ag ing  in f rast ructure ,  and  l oss/ leaka ge . 
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so lu t i ons  t o  day - to -day  ma t t e r s  o f  im-
por tance ,  even  though  a lmos t  everyone 
may  ag ree  on  ba s i c  ma t t e r s  t ha t  need 
to  be  be t t e r  unde r s tood  and  add re s sed . 
S o m e  l o n g e r- t e r m  i s s u e s  m a y  b e  p e r -
ce ived as  specula t ive  or  even i r re levant 
t o  cu r r en t  r equ i r emen t s  o r  needs  t ha t 
a r e  pe r ce ived  t o  be  impor t an t  by  some 
u rban ,  subu rban ,  and  ru r a l  commun i ty 
s t akeho lde r s .   Desp i t e  t he  d i r ec t i on  o f 
the research community there may remain 
a  sense  o f  u rgency  among  s t akeho lde r s 
tha t  research  meet  rea l -wor ld  rea l - t ime 
community needs.  Participants suggested 
t ha t  t he r e  i s  an  impor t an t  r o l e  f o r  t he 
r e s e a r c h  c o m m u n i t y  t o  m o r e  d i r e c t l y 
meet those broader community needs, and 
to  change  the  academic / research  mode l 
t o  make  i t  more  focused  on  t e chn i ca l 
a s s i s t a n c e .  T h i s  s h o u l d  i n c l u d e  m o r e 
a p p l i e d  R & D  a c t i v i t i e s  a n d  p r o b l e m 
so lv ing ,  wh ich  a t  t imes  can  be  d r i ven 
b y  s h o r t e r - t e r m  n e e d s .  P a r t i c i p a n t s 
d i d  n o t  s u g g e s t  a b a n d o n i n g  a  r o l e  o f 
r e s e a r c h e r s  t o  l o o k  a h e a d .  H o w e v e r , 
pa r t i c i pan t s  f e l t  t h a t  r e s ea r che r s  need 
to  be t t e r  communica te  r e sea rch  r e su l t s 
a n d  m u s t  h e l p  w a t e r  s t a k e h o l d e r s  i n 
communi t i e s  unde r s t and  tha t  r e s iden t s 
and decis ion makers  need to  be thinking 
beyond  immed ia t e  needs .   Pa r t i c ipan t s 
s t a t ed  t ha t  i f  wa t e r  s t akeho lde r s  i n  u r-
ban ,  subu rban ,  and  ru r a l  commun i t i e s 
w a n t  t o  m a i n t a i n  t h e i r  l i f e s t y l e s  a n d 
l i v e  i n  c o m m u n i t i e s  t h a t  c a n  s u s t a i n 
t he i r  popu l a t i ons  and  economies ,  t hen 
t h e y  m u s t  t h i n k  b e y o n d  j u s t  t h e  n e x t 
few years  for  a  sustainable water  future.
Local Supply and Demand.  Participants 
f e l t  t h a t  r e s ea r ch  shou ld  be  conduc t ed 
to  deve lop  a  much be t te r  unders tanding 
of  local  (community-level)  water  supply 
and  demand .
Av a i l a b l e  I n f o r m a t i o n .  T h e r e  i s  a 
l a rge  body  o f  i n fo rma t ion  abou t  wa t e r 
t h a t  “ e v e r y o n e ”  i n  t h e  w a t e r  s e c t o r 
k n o w s  a b o u t ,  b u t  t h a t  f e w  p e o p l e  i n 
l oca l  commun i t i e s  a r e  awa re  ex i s t s  o r 
know how to  acces s  and  use  t o  add re s s 
t he  i s sue s  t hey  con f ron t .   Pa r t i c i pan t s 
r e c o m m e n d e d  t h a t  w a t e r  r e s e a r c h e r s 
need  to  do  a  much  be t t e r  job  in fo rming 
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p e o p l e  a b o u t  w h a t  k i n d s  o f  a n d  h o w 
much  i n fo rma t ion  i s  a l r e ady  ava i l ab l e 
abou t  wa t e r,  a s  we l l  a s  how to  u se  t he 
ava i l ab le  in fo rma t ion  o r  r eques t  a s s i s -
t ance  i n  u s ing  i t  e f f ec t i ve ly.
G l oba l  I s sues
Water Policy and Regulation .   There is 
a  d i spa r a t e  s e t  o f  l ega l  and  pe rmi t t i ng 
r equ i r emen t s  a s soc i a t ed  w i th  g round -
wate r  and  su r face  wa te r.   In  pa r t i cu la r, 
t h e  s t a t e w i d e  p o l i c y  o n  g r o u n d w a t e r 
u se  does  no t  cons ide r  t he  connec t i v i t y 
b e t w e e n  s o u r c e s  o f ,  a n d  i n t e r a c t i o n s 
between, surface water and groundwater, 
and  t he  complex  p roce s se s  t ha t  e f f ec t 
t he se  sou rces  and  r e l a t ed  i n t e r ac t i ons . 
A l though  a t t emp t s  t o  r e conc i l e  po l i cy 
mat ters  that  confound effect ive  ground-
water  management  have  up  to  now been 
l a rg e l y  f u t i l e ,  t h e  m a t t e r  n e e d s  t o  b e 
dea l t  wi th  in  a  sc ien t i f i ca l ly  sound  and 
ob j ec t i ve  f a sh ion .
Informat ion  Gaps .   Par t i c ipan ts  spoke 
a b o u t  a  c l e a r  g a p  b e t w e e n  p a s t  a n d 
cu r r en t  un ive r s i t y  r e s ea r ch ,  and  wha t 
research is perceived by decision makers 
and  o the r  s t akeho lde r s  t o  be  needed  i n 
urban,  suburban,  and rural  communit ies. 
P a r t i c i p a n t s  r e c o m m e n d e d  h a v i n g  t h e 
wa t e r  commun i ty,  i nc lud ing  r e sea r ch -
e r s ,  e n g a g e  i n  a  m o r e  c o n s i s t e n t  a n d 
c o n t i n u a l  w a y  t h r o u g h  o u t r e a c h  a n d 
p u b l i c  i n f o r m a t i o n  p r o g r a m s .  T h i s 
i n c l u d e s  u n i v e r s i t y  e x t e n s i o n ,  v i s i -
t a t i o n s ,  p r o f e s s i o n a l  g r o u p s  i n v i t i n g 
pub l i c  o f f i c i a l s  t o  mee t i ngs  and  o the r 
ou t reach  ac t iv i t i es  des igned  to  (1 )  p ro-
vide informat ion about  issues  important 
t o  commun i t i e s ,  and  (2 )  be t t e r  i n fo rm 
s t akeho lde r s  abou t  t he  r ea l i t i e s  o f  wa -
t e r  i n  Texas ,  such  a s  abou t  su r f ace  and 
g roundwa te r  i n t e r ac t i ons ,  d rough t  and 
f l ood  cyc l e s ,  and  so  on .
Base l ine  Data .  There  i s  a  c r i t i ca l  need 
t o  de f i ne  ba se l i ne  da t a  s e t s ,  and  i n t e -
g r a t e  t h e  a v a i l a b l e  d a t a  i n  w a y s  t h a t 
a r e  t r a c t a b l e  f o r  i n f o r m i n g  d e c i s i o n 
make r s  and  t he  gene ra l  pub l i c .  These 
base l ine  da ta  wou ld  then  be  ve t t ed  and 
made  ava i l ab l e  f r ee ly  and  gene ra l l y  a s 
i n f o r m a t i o n  t h a t  d e c i s i o n  m a k e r s  a n d 
s t akeho lde r s  i n  l oca l  commun i t i e s  c an 
t r u s t .   T h i s  a l s o  w i l l  h e l p  e s t a b l i s h 
“ w h o ”  t h e  l o c a l  c o m m u n i t y  c a n  t r u s t 
fo r  i t s  in format ion  about  wate r,  fu r ther 
bu i l d ing  a  g r ea t e r  l eve l  o f  con f idence 
and  ce r t a i n ty  i n  i n fo rma t ion  de l i ve r ed 
and  i t s  f u tu r e  u se .
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Research  Underway
Par t i c ipan ts  remarked  tha t  the re  was  a 
good  c ro s s - s ec t i on  o f  wa t e r  s ec to r s  r ep -
r e sen t ed  by  member s  o f  t he  g roup .   They 
f irst  l is ted areas of  research now underway 
and  ex i s t ing  research  capab i l i t i e s .   Those 
r e sea r ch  a r ea s  and  capab i l i t i e s  a r e  he r e :
Water Conservat ion.  Potent ia l  for  wa-
t e r  s av ings  t h rough  conse rva t i on ,  l ow 
impact  p lanning and development ,  cos t /
b e n e f i t  o f  m o d i f i e d  w a t e r  p r a c t i c e s , 
wa t e r  u rban  and  ag r i cu l t u r e  a l l oca t i on 
( ‘ smar t ’ ) .  
Environmenta l  F lows .  Adap t i ve  man-
agemen t  t e chn iques  fo r  env i ronmen ta l 
f l ows ,  ma rke t  ba sed  s t r a t eg i e s  f o r  en -
hanc ing  env i ronmen ta l  f l ows .  
Desal ination.  Energy demand reduct ion 
in desalination processes,  TWDB catalog 
o f  r e s ea r ch  i n  de sa l i na t i on . 
D a t a / S a m p l i n g  Te c h n o l o g i e s .  S o i l 
moisture sensing,  use of UAVs in remote 
s ens ing ,  dec i s ion  suppor t  t oo l s  ( ‘ ea r th 
genome’ example ) .
Water Trea tment .  On - s i t e  was t ewa te r 
p r o c e s s i n g ,  c o n s t r u c t e d  w e t l a n d s  f o r 
wa t e r  t r e a tmen t .
N e x u s .  S e v e r a l  a r e a  o f  m u l t i - d i s c i -
p l ina ry  r e sea rch  r e l a t ed  to  the  “nexus” 
o f  w a t e r ,  e n e rg y  a n d  f o o d ,  i n c l u d i n g 
model ing  c l imate  impact  on  agr icu l ture 
t o  op t imize  c rop  se l ec t i on  fo r  c l ima te , 
l o w e r e d  w a t e r - e n e rg y  u s e  i n  r e s i d e n -
t i a l  a p p l i c a t i o n ,  w a t e r  u s e  s a v i n g s  i n 
a g r i c u l t u r e  t h r o u g h  n e w  o r  i m p r o v e d 
i r r iga t ion  techniques ,  and water-energy 
emission impacts.  Two added areas where 
p a r t n e r i n g  i n  r e s e a r c h  n o w  u n d e r w a y 
was  iden t i f i ed ,  bu t  which  were  no t  t i ed 
t o  any  pa r t i cu l a r  a r ea  o f  r e s ea r ch  a r e 
EPA Environmental  Innovat ion Clusters 
and  a  Mu l t i -S t a t e  S tudy  o f  Ba r r i e r s  t o 
Adop t ing  New Techno log ies  sponsored 
by  EPA in  t he  no r thea s t  US .
Ne e d e d  Re s e arc h
P a r t i c i p a n t s  n e x t  t u r n e d  t o  a  l i s t i n g 
o f  r e sea rch  tha t  i ndus t ry  and  gove rnmen t 
cu r r en t l y  needs  t o  have  add re s sed .  Th i s 
i nc luded  t he  fo l l owing  r e sea r ch  a r ea s :
Desal ination.  Energy demand reduct ion 
in  desa l ina t ion  p rocesses ,  desa l ina t ion 
concen t r a t e  managemen t .
Soc io -Economic  S tud ie s .  As se s smen t 
a n d  c o m m u n i c a t i o n  o f  w a t e r  v a l u e , 
mechan i sms  to  be t t e r  communica t e  r e -
su l t s  o f  r e sea rch  and  o the r  in fo rmat ion 
t o  s t akeho lde r s ,  e conomics  o f  t r e a t i ng 
s u r f a c e  w a t e r  v e r s u s  b r a c k i s h  w a t e r ; 
r e s e a r c h  i n t o  m e t h o d s  t h a t  y i e l d  t h e 
be s t  r e su l t s  i n  t e rms  o f  e conomics  and 
conse rva t i on .
T hi s  breakout  sess ion  focused  par t i c ipant  attent ion  on  a  d i scu s -s i on  o f  the  most  press ing  cur rent  and  future  research  needs  i n 
the  areas  o f  water  use  and  enab l ing  techno log i es .   Th i s  i nc l ude d , 
but  was  not  l imi ted  to  the  fo l lowing:  agr i cu l ture ,  munic ipa l ,  indus-
tr ia l ,  new technologies ,  membranes,  user  behavior  and percept ions, 
va luat ion ,  in f rast ructure  and  ag i ng ,  regu lator y  env i ronment ,  man -
a ge d  we t l a n d s ,  e d u cat i o n ,  “ b i g ”  d ata ,  i n fo r m at i o n  m a n a ge m e nt , 
and  smart  systems.
Resu l ts  -  Research  Needs  I I
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R e g u l a t i o n s .  C r e a t e  a d a p t i v e 
regulatory f ramework for  water : 
surface  versus  ground water  and 
f resh  versus  t rea ted  water.
Drought  and Flood Response . 
Wa t e r  s u p p l y  r e s i l i e n c e  i n  r e -
sponse to disasters, improved plant 
gene t ics  fo r  d rought  to le rance , 
precis ion agr icul ture .
Public Health in Pollution Con-
trol. Emerging contaminants from 
non- t rad i t iona l  sources ,  human 
effects research for treated water 
consumpt ion  (e .g . ,  d i rec t  po ta -
ble  reuse) ,  management  of  by-products 
f r o m  t r e a t m e n t ,  i m p r o v i n g  c u l t u r e  o f 
conservat ion.
Movi ng  F orw ard
Pa r t i c i pan t s  f ocused  d i s cus s ion  on  a 
f ew  r e sea r ch  a r ea s ,  bu t  no t  i n  any  o rde r 
o f  impor t ance  and  no t  a l l  a r eas  were  d i s -
cus sed  i n  de t a i l  due  t o  t ime  cons t r a in t s . 
Pa r t i c i pan t s  men t i oned  t he  Texas  Wa te r 
Conse rva t i on  Adv i so ry  Counc i l ’s  r epo r t 
o f  r e s ea r ch  needs  and  be s t  managemen t 
p r ac t i c e s  a t  www.save t exaswa te r. o rg . 
Participants mentioned a growing aware-
ness  in  the  water  community  of  “drowning 
i n  da t a ,  bu t  s t a rv ing  fo r  unde r s t and ing . ” 
With sampling technologies available today, 
mas se s  o f  da t a  c an  be  acqu i r ed  r ap id ly. 
Bu t  a s sembly  and  in t e rp re t a t i on  r equ i r e s 
appl ica t ion  of  “big  data”  decis ion  suppor t 
tools  tha t  may not  be  readi ly  avai lable  for 
one  pu rpose  ve r su s  ano the r.   Such  t oo l s 
a r e  needed  t o  a l l ow  fo r  e f f ec t i ve  u se  o f 
t h e  g r o w i n g  a m o u n t s  o f  d a t a  a v a i l a b l e 
f o r  u se  i n  dec i s i on  mak ing .   Pa r t i c i pan t s 
ques t i oned  wha t  t ypes  o f  me thods  o f  b ig 
d a t a  a s s e s s m e n t  a n d  v i s u a l i z a t i o n  c a n 
app ly  i n  va r i ous  s i t ua t i ons  t o  y i e ld  be s t 
r e s u l t s  a t  u n d e r s t a n d i n g  a n d  u s i n g  d a t a 
e f f ec t i ve ly.
T h e  L o n e  S t a r  U n m a n n e d  A i r c r a f t 
Sys tems  Cente r  a t  Texas  A&M Univers i ty 
-  Corpus  Chr i s t i  was  b rough t  up  as  a  new 
statewide test  bed for  sensors  and research 
suppor t .   Col labora t ions  through th is  new 
cen t e r  cou ld  a id  r e s ea r che r s  work ing  on 
p r ec i s i on  ag r i cu l t u r e  and  o the r  a r ea s  r e -
l a t ed  t o  wa t e r  and  t he  env i ronmen t .
Whi l e  i ndus t ry  and  gove rnmen t  pa r t i c -
ipan t s  desc r ibed  need  fo r  r e sea rch  in  com -
munica t ing  informat ion  to  the  publ ic ,  there 
ap p ea r ed  t o  b e  l i t t l e  o r  n o  r e sea r ch  c i t ed 
a s  unde rway.  As  an  immed ia t e  r e sponse  t o 
i m p r o v e  p u b l i c  u n d e r s t a n d i n g  o f  v a r i o u s 
w a t e r  i n d u s t r y  m a t t e r s ,  i t  w a s  s u g g e s t e d 
tha t  t he  cu r r en t  c i t i z en  sc i ence  and  senso r 
program of the National Science Foundation, 
wh ich  may  inc lude  mob i l e  dev i ce  apps  fo r 
mo n i t o r i n g  wa t e r  i n f o r ma t i o n ,  m igh t  p ro -
v i d e  an  ex amp l e  o f  h o w t o  en h ance  pub l i c 
unders tanding .   Par t ic ipants  sugges ted  tha t 
the re  i s  need  fo r  a  whole  new se t  o f  human 
an d  eco n o mi c  f ac t o r s  r e s ea r ch  o n  commu-
nica t ion  o f  wa te r  in format ion ,  fo r  example 
to  addres s  communica t ion  cha l l enges  wi th 
d i r ec t  r eu se  an d  v a l u e  o f  wa t e r.
Severa l  pa r t i c ipan t s  s t a t ed  tha t  the re  i s 
a  n e e d  f o r  a  “ w a t e r  p l a n  f o r  t h e  f u t u r e . ” 
T h e y  s u g g e s t e d  t h a t  w e  a r e  p l a n n i n g  f o r 
an d  man ag i n g  wa t e r  t h e  way  we  have  fo r 
many years  in  the  pas t .   Recent  and  cur ren t 
a c c e l e r a t i o n  o f  t e c h n o l o g i e s  a p p l i c a b l e 
t o  wa t e r  man ag emen t ,  p u b l i c  p e r cep t i ons , 
i n c r e a s i n g  c l i m a t e  v a r i a b i l i t y,  a n d  d a t a 
av a i l ab l e  h av e  l e f t  t h e  p a s t  l o n g  beh ind .  
They fe l t  that  we cont inue to  repeat  past 
ine ff i c ienc ies  and  mis takes .   Th i s  inc ludes 
f a i l i n g  t o  t ak e  su ch  s eemi n g l y  s imp le  and 
log ica l  ac t ions  as  acknowledging  and  man-
a g i n g  c o n n e c t i o n s  b e t w e e n  g r o u n d w a t e r 
a n d  s u r f a c e  w a t e r,  r e c o g n i z i n g  c h a n g i n g 
c l i ma t e ,  a s s e r t i n g  t h e  v a l u e  o f  wa t e r,  and 
so  on .   Par t ic ipants  sugges ted  adapt ing  and 
e n s u r i n g  t h a t  w a t e r  p l a n n i n g  a n d  r e l a t e d 
ac t i ons  be  more  r e spons ive ,  u se  “adap t ive 
man ag emen t ”  p r o ce s se s ,  an d  b e  fu l l y  s c i -
en t i f i c a l l y  h o n es t .
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2016 Texas Water Roadmap Key Forum Topics:
•  A c c e s s  to,  s h a r i n g ,  a n d  u s e  o f  i n fo r m at i o n , 
d a t a ,  c o m m u n i c a t i o n ,  e x p e r t i s e ,  s c i e n c e , 
and  po l i cy  that  c ross  d i sc ip l i nes ,  campuses , 
networks ,  and  resources .
•  Employment, workforce training, and education.
•  Research  -  current ,  p lanned  and  needed,  and 
par tnersh ips  and  fund ing . 
Resu l ts  -  Funding  Opportun i t ies
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Avai lab l e  Fund ing
Pa r t i c i pan t s  f i r s t  f ocused  t he i r  a t -
t e n t i o n  o n  t h e  S W I F T p r o g r a m .  T h e y 
quick ly  expanded  d iscuss ion  to  inc lude 
the  s t a t e  r evo lv ing  fund .   Bo th  sources 
of  funding  have  bas ic  c r i te r ia  for  e l ig i -
bi l i ty,  foremost  of  which is  that  funding 
only covers  capi tal  projects .  As a  resul t , 
there  i s  s igni f icant  oppor tuni ty  now for 
new  work  on  cap i t a l - r e l a t ed  p ro j ec t s . 
Par t ic ipants  a lso  indica ted  tha t  the  cur-
rent interpretation of what consti tutes an 
acceptable  projec t  i s  f lex ib le  enough to 
a l l ow fo r  some  innova t ion .  The  TWDB 
has  emphas ized  tha t  fund ing  i s  no t  jus t 
for  “ inf ras t ruc ture  for  t rad i t ional  water 
p ro j ec t s . ”   A l so  a l l owed ,  f o r  examp le , 
a r e  conse rva t i on  p ro j ec t s  t ha t  i nc lude 
t he  need  fo r  i nves tmen t  i n  c ap i t a l  i n -
f r a s t ruc tu r e .   Add i t i ona l l y,  t he  TWDB 
has  some  g ran t  f unds  ava i l ab l e  fo r  u se 
in  economica l ly  d i s t ressed  a reas  and  to 
suppo r t  sma l l  sy s t ems .
Discussion among participants turned 
t o  t he  p r ac t i c a l  a cce s s ib i l i t y  o f  f unds . 
In  par t icu la r,  smal le r  communi t ies  may 
f a c e  c h a l l e n g e s  i n  a c c e s s i n g  f u n d i n g 
t h rough  t he  p rog rams .  A l though  sma l l 
communi t ies  throughout  Texas  have de-
mons t rab le  needs  fo r  and  oppor tun i t i es 
t o  improve  i n f r a s t ruc tu r e ,  i n s t a l l  n ew 
sys t ems ,  and  imp lemen t  c ap i t a l  i n t en -
s ive  conse rva t i on  s t r a t eg i e s ,  t he r e  a r e 
o b s t a c l e s  t o  s e c u r i n g  r e q u i r e d  f u n d s . 
Pe rhaps  t he  g r ea t e s t  cha l l enge  i s  t ha t 
t h e  f u n d s  f r o m  t h e  S W I F T  a n d  s t a t e 
revolving fund programs come as  loans , 
n o t  a s  g r a n t s  m a d e  a v a i l a b l e  w i t h  n o 
expecta t ion of  repayment .   Consequent-
ly,  a  communi ty  mus t  no t  on ly  de f ine  a 
qua l i f y ing  p ro j ec t ,  bu t  a l so  mus t  have 
the  f inanc ing  o r  a  v iab le  f inanc ia l  p lan 
to  repay the loan.  Repaying a  loan,  even 
o n e  h a v i n g  v e r y  f a v o r a b l e  r e p a y m e n t 
r a t e s  and  op t ions ,  may  be  una t t a inab l e 
f o r  s o m e  c o m m u n i t i e s  w i t h  a  l i m i t e d 
t ax  ba se  o r  t ax ing  au tho r i t y.   I n  add i -
T hi s  breakout  sess ion  focused  on  a  d i scuss ion  o f  fund ing  o p p o r-tunit ies  avai lable  to  address  needs ident i f ied in  ear l ier  sess ions. 
Are  there  partnersh ips  that  can  be  created to  access  opportuni t ies , 
now or  in  the  future?   In  part i cu lar,  how does  SWIFT  fund ing  factor 
into  address ing  the  needs  ident i f ied  in  ear l ie r  breakout  ses s i o n s ? 
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t i on ,  app l i c a t i on  fo r  f und ing  f rom the 
programs is  a  complicated process .   The 
TWDB ma in t a in s  ongo ing  ou t r each  e f -
fo r t s  t h roughou t  t he  s t a t e ,  pa r t i cu la r ly 
f o r  s m a l l  a n d  r u r a l  c o m m u n i t i e s ,  i n -
c luding monthly  informat ional  sess ions 
o n  S W I F T f u n d i n g  a n d  h o w  t o  a p p l y. 
S o m e  c o m m u n i t i e s  r e q u i r e  a s s i s t a n c e 
in  complet ing appl icat ion requirements , 
inc lud ing  work ing  ou t  f inanc ing  p lans . 
Thus ,  t he re  may  be  cos t s  t o  submi t t i ng 
a  v a l i d  a p p l i c a t i o n  t h a t  c r e a t e  d i f f i -
c u l t i e s  f o r  s o m e  c o m m u n i t i e s .  A s  a 
r e su l t ,  t o  pu l l  t oge the r  t he  app l i c a t i on 
and  commi t  t o  f i nanc ing  r epaymen t ,  a 
small  community needs to want a project 
bad ly  enough ,  o r  have  no  o the r  a l t e r-
na t i ve .   Pa r t i c i pan t s  cons ide r ed  ways 
t o  a s s i s t  c o m m u n i t i e s .   S e v e r a l  w a y s 
we re  i den t i f i ed  and  a r e  de t a i l ed  i n  t he 
fo l l owing  s ec t i on .
How the Water Community 
Can Help Small  Communit ies
Repea t ing  the  Or ig ina l  SWIFT Out -
reach.   Participants recalled a strong and 
effect ive outreach program del ivered by 
the TWDB when SWIFT firs t  kicked off . 
Pa r t i c i pan t s  sugges t ed  t ha t  t he  TWDB 
o r  a n o t h e r  e n t i t y / p a r t n e r s h i p  s h o u l d 
r ev i s i t  t h a t  i n i t i a l  ou t r each  i n i t i a t i ve , 
r ev i s e  i t  t o  mee t  cu r r en t  r equ i r emen t s 
for  informat ion  and  suppor t ,  and  repea t 
i t  t o  i n c r e a s e  c o m m u n i t y  a w a r e n e s s . 
I n  do ing  so ,  o the r  fund ing  sou rces  and 
r e l a t ed  i n fo rma t ion  cou ld  be  added ,  t o 
i n c l u d e  f e d e r a l  f u n d i n g  a v a i l a b l e  t o 
communi t ies  in  addi t ion  to  funds  in  the 
two  s t a t e  p rog rams  men t ioned  ea r l i e r.
Training and Teaching Grant Writ ing. 
S t akeho lde r s ,  and  e spec i a l l y  r a t epay -
e r s ,  m a y  s e e  t e c h n o l o g y  a s  c o s t i n g 
t hem money  w i thou t  bene f i t .   P rov ide 
incent ives  to  s takeholders  for  adopt ing/
a c c e p t i n g  n e w  t e c h n o l o g y.  C o n c e r n s 
abou t  f i nanc ia l  impac t  may  be  r educed 
w i th  e f f ec t i ve  i ncen t i ve s .
Case  s tud ie s .  Wa te r- ene rgy - food  r e l a -
t ionships need to be establ ished through 
f o r m a l  a n d  i n f o r m a l  e d u c a t i o n  m e a n s 
a s  e a r l y  a s  p o s s i b l e .  A s  a n  e x a m p l e , 
p a r t i c i p a n t s  m e n t i o n e d  t h e  c o m m o n 
knowledge about  food-energy pyramids 
c r ea t ed  i n  t he  pa s t  by  i nc lu s ion  o f  t he 
p r i nc ip l e s  o f  such  py ramids  i n  m idd l e 
and  h igh  s choo l  cu r r i cu l a .  Today,  new 
example s  a r e  needed  t o  i ng ra in  p r i n -
c i p l e s  o f  c o n s e r v a t i o n  o f  w a t e r  a n d 
ene rgy  th roughou t  educa t ion .  Th i s  can 
be  cas t  as  an  annual  event .  An example 
i s  c r ea t i on  o f  a  “Wa te r  Day, ”  s im i l a r 
t o  Ea r th  Day  c r ea t ed  i n  1970  and  s t i l l 
p r ac t i c ed  annua l l y.
P ar t ners h i ps
R e s e a r c h  p r o j e c t  c o - f u n d i n g  a n d 
fund ing  pa r t ne r sh ip s  a r e  o f t en  t a l ked 
a b o u t  a s  m e a n s  t o  a n  e n d ,  b u t  w h e r e 
t o  g e t  f u n d i n g  o f t e n  r e m a i n s  t h e  k e y 
ques t i on .   To  be  compe t i t i ve  fo r  m any 
g r an t  p rog rams ,  t he r e  i s  an  advan t age 
t o  l eve r ag ing  and  combin ing  r e sea r ch 
i n s t i t u t i on  expe r t i s e  i n  t e chn i ca l  and 
f i nanc i a l  a spec t s  o f  t he  r e l evan t  p ro -
g r ams .   Pa r t ne r i ng  i n  t h i s  manne r  c an 
produce a stronger and more technically 
sound  p roposa l ,  whe the r  fo r  a  g ran t  o r 
l oan  app l i c a t i on .
Par tnerships  through smal l  bus iness 
i n i t i a t i v e s  a r e  o f t e n  p a r t  o f  f e d e r a l 
p rog rams .   The  Sma l l  Bus ine s s  I nno -
va t i on  Resea r ch  (SBIR)  p rog ram was 
d iscussed ,  where  research  par tnersh ips 
w i th  sma l l  bus ine s s  f ocus  on  i nnova -
t ion  and  commerc ia l iza t ion .   The  SBIR 
un ive r s i t y  pa r t ne r sh ip  p rog ram i s  no t 
s o m e t h i n g  w i t h  w h i c h  p a r t i c i p a n t s 
had  much  expe r i ence .  One  pa r t i c i pan t 
i n  t h e  d i s c u s s i o n  h a s  f o u n d  t h e  p r o -
g r am p roduc t i ve ,  bu t  f i nd ing  su i t ab l e 
pa r t ne r s  i s  d i f f i cu l t .   The  U .S .  Arm y 
C o r p s  o f  E n g i n e e r s  a n d  s o m e  o t h e r 
f e d e r a l  a g e n c i e s  h a v e  p r o g r a m s  f o r 
s m a l l  c o m m u n i t i e s  t h a t  a r e  d e s i g n e d 
t o  l eve l  t he  p l ay ing  f i e l d  w i th  l a rge r 
communi t ies ,  c rea t ing  oppor tun i t ies  to 
par tner  and  infuse  new water  technolo-
gies  into projects .   These programs may 
p rov ide  an  oppor tun i ty  to  co -pa r tne r  a 
communi ty  wi th  un ive r s i t i e s ,  r e sea rch 
insti tutes and industry,  especially where 
the re  may  be  co - fund ing  o r  l eve rag ing 
r equ i r emen t s .
Resu l ts  -  Par tner ing  Opportun i t ies
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Pa r t i c i pan t s  men t i oned  s eve ra l  l a rge -
s ca l e  conso r t i a  o r  co l l abo ra t i ve  r e sea r ch 
n e t w o r k s  i n  Te x a s .   T h e s e  i n c l u d e d  t h e 
fo rum hos t ,  NSF /RCN-CE3SAR,  a s  we l l 
as  the South Central  Texas Water  Research 
Interest  Group,  Texas Water  Research Net-
work  hos t ed  by  t he  Un ive r s i t y  o f  Texas , 
and  t he  Texas  Wa te r  Resou rce s  I n s t i t u t e 
and  t he  Food  Ene rgy  Wate r  Nexus  In i t i a -
t i ve ,  bo th  a t  Texas  A&M Unive r s i t y.
T hi s  breakout  g roup  focused  on  a  d i scuss ion  o f  par tnersh i p  o p -portun i t ies  that  a re  ava i l ab l e  to  address  ident i f i ed  need s .   Are 
there funding opportunit ies  that  can be sought  us ing  these partner-
sh ips?   In  part icu lar,  how does  SWIFT funding factor  into  address ing 
the  needs  ident i f ied  in  ear l ie r  breakout  sess ions?
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
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Data  Integr i ty.  More  e ff ec t ive ly  dea l ing 
w i t h  d a t a  w a s  a  c o m m o n  t o p i c  o f  p a r -
t i c i p a n t s  i n  m o s t  s e s s i o n s .   P a r t i c i p a n t s 
e x p r e s s e d  c o n c e r n  a b o u t  t h e  i n t e r o p e r a -
b i l i t y  o f  d a t a  a n d  d a t a  i n t e g r i t y.   W h i l e 
t h e r e  i s  a  g r e a t  d e a l  o f  d a t a  a v a i l a b l e , 
t h e r e  i s  n o  r e a d y  w a y  t o  d e t e r m i n e  t h e 
r e l a t i v e  q u a l i t y  o f  o n e  d a t a  s e t  v e r s u s 
a n o t h e r ,  o r  t h e  i n t e g r i t y  o f  a n y  s i n g l e 
d a t a  s e t .   P r o p e r t i e s  o f  d a t a  s u c h  a s 
s o u r c e ,  i n t e r p r e t a t i o n  a n d  p o t e n t i a l  f o r 
i n f e r e n c e  a r e  a l l  s u b j e c t  t o  l i t t l e  o r 
n o  q u a l i t y  c o n t r o l .   T h u s ,  p a r t i c i p a n t s 
g e n e r a l l y  a g r e e d  t h a t  t h e r e  i s  a  w i d e 
r a n g e  o f  i s s u e s  i n  n e e d  o f  r e s o l u t i o n 
a r o u n d  d a t a  a n d  w h a t  n e e d s  t o  b e  d o n e 
t o  i m p r o v e  d a t a  u s e  a n d  u s e f u l n e s s ,  i n -
c l u d i n g  i m p r o v e d  v i s u a l i z a t i o n  o f  l a rg e 
d a t a  s e t s  b y  u s i n g  n e w  d e c i s i o n  s u p p o r t 
t oo l s .   Pa r t i c i pan t s  no t ed  t ha t  t he  TWDB 
v o l u n t e e r e d  t o  h o s t  a  m e e t i n g  o f  p a r t i c i -
p a n t s  f r o m  t h e  f o r u m  t o  t a l k  a b o u t  d a t a .
Environmenta l  F lows .  The re  i s  cons id -
e r ab l e  work  unde rway  on  env i ronmen ta l 
f l ows  i n  d i f f e r en t  r i ve r  ba s in s  i n  Texas , 
w i th  many  be s t  p r ac t i c e s  i n  u se .   Pa r t i c -
i p a n t s  r e c o m m e n d e d  c a p t u r i n g  w h a t  i s 
b e i n g  d o n e  n o w  i n  t h e s e  d i f f e r e n t  r i v e r 
ba s in s  a s  examp le s  and  ca se  s t ud i e s ,  and 
a d a p t i n g  o r  r e p l i c a t i n g  t h e  m o s t  s u c -
ce s s fu l  be s t  p r ac t i c e s .   D o ing  s o  w ou ld 
a d d r e s s  p a r t i c i p a n t s ’ c o n c e r n s  i n  t h i s 
and  o the r  s e s s ions  abou t  cons i s t ency  o f 
da t a  co l l e c t i on  and  i n t eg r i t y  o f  da t a .   A 
r e l i ab l e  and  dependab l e  da t abase  can  be 
deve loped  ove r  t ime  by  cons i s t en t l y  u s -
i ng  me thods  t o  co l l e c t  and  eva lua t e  da t a 
t ha t  have  been  u sed  and  va l i da t ed  i n  one 
o r  more  l oca t i ons ,  and  t hen  r ep l i c a t ed  i n 
o the r  l oca t i ons .  Th i s  w i l l  p rov ide  u se r s 
an  a s su r ance  o f  r e l i ab i l i t y  and  ab i l i t y  t o 
use  the  da ta  in  a  commonly  accepted  way.
Te c h n o l o g y  Tr a n s f e r.  N e w  w a t e r  t e c h -
no log i e s  a r e  be ing  deve loped  and  wa t e r 
da ta  a re  be ing  co l lec ted  in  d i ffe ren t  pa r t s 
o f  t he  s t a t e .   Fo r  example ,  l a rge  amoun t s 
o f  da t a  and  t e chno logy  app l i c a t i on  came 
forward  as  a  resu l t  o f  the  recen t  events  o f 
d rough t  and  then  f lood ing .   Cons ide rab le 
p r o j e c t  w o r k  a n d  r e s e a r c h  w a s  f o c u s e d 
on  es tab l i sh ing  res i l i ency  to  such  even t s . 
P a r t n e r s h i p s  i n  p r o j e c t s  a n d  r e s e a r c h 
w e r e  f o r m e d ,  i n  r e s p o n s e .   P a r t i c i p a n t s 
sugges t ed  t he r e  may  be  l e s sons  t o  l e a rn 
i n  h o w  e m e r g e n c y  r e s p o n s e  p r o c e e d e d 
and  how co l l abo ra t i ve  work  came  abou t . 
I t  w a s  m e n t i o n e d  t h a t  f e d e r a l  a n d  s t a t e 
e m e rg e n c y  m a n a g e m e n t  a g e n c i e s  c o u l d 
be  a  po t en t i a l  f und ing  sou rce  du r ing  and 
in  the  a f t e rmath  o f  pe r iods  o f  emergency. 
An  example  i s  f und ing  ava i l ab l e  t h rough 
t h e  R E S T O R E  A c t ,  a  r e s p o n s e  t o  t h e 
Deepwater  Hor izon  d isas te r.   Par t ic ipan ts 
a l so  men t ioned  pos s ib l e  oppo r tun i t y  f o r 
r e s ea r che r s  t o  pa r t ne r  w i th  l oca l  o f f i c e s 
of  federal  agencies  (e .g . ,  U.S.  Army Corps 
o f  Engineers )  as  a  means  to  fas t - t rack  ad-
d i t iona l  f ede ra l  fund ing  to  come  to  Texas 
fo r  wa t e r  r e s ea r ch .
Clos ing  Sess ion ,  Conc lus ions  &  Recommendat ions
2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
28
Data  and  In format ion
C h a r r e t t e  p a r t i c i p a n t s  a d d r e s s e d  t h e 
t e rm  “da t a”  i n  b road  t e rms .   Da t a  a l one 
was  cons ide r ed  o f  l im i t ed  va lue  un t i l  i t 
was  a s s emb led  i n  some  f a sh ion  t o  c r ea t e 
i n fo rma t ion ,  w i th  i n fo rma t ion  t hen  u sed 
t o  i m p a r t  k n o w l e d g e ,  w i t h  k n o w l e d g e 
l e a d i n g  t o  e x p e r i e n c e ,  a n d  w i t h  e x p e r i -
ence  accumula ted  over  t ime  then  c rea t ing 
wisdom.   Data  was  descr ibed as  more  than 
just  the numbers .  I t  includes reports ,  anal-
ys i s ,  and  communica t ions  about  da ta ,  and 
e v e n  i n f o r m a t i o n  o n  s o c i a l  m e d i a .  A l s o 
i nc luded  i n  t he  de f i n i t i ons  was  t he  da t a 
su r round ing  da t a ,  o f t en  ca l l ed  me tada t a . 
P a r t i c i p a n t s  f e l t  t h a t  m u c h  d a t a  i n 
Texas  i s  s t o r ed  i n  a  f r agmen ted ,  i so l a t ed 
and nonstandard  fashion making i t  hard  or 
imposs ib l e  t o  f i nd ,  a cce s s ,  o r  u se .   They 
connected to the phrase,  “drowning in data, 
s t a r v i n g  f o r  u n d e r s t a n d i n g . ”  E v e r y o n e 
i n  t h e  a u d i e n c e  p o t e n t i a l l y  w o r k e d  f o r 
an  o rgan i za t i on  t ha t  ha s  i t s  own  way  o f 
managing ,  s tor ing ,  and  a l lowing access  to 
d a t a .   S o m e  o rg a n i z a t i o n s  m a y  p r o h i b i t 
access  to  da ta .   The  d iverse  var ie ty  o f  o r-
ganizat ions in  the water  sector  creates  this 
va r i e t y  o f  s i l o s .   Pa r t i c i pan t s  exp re s sed 
an  i n t e r e s t  i n  mov ing  pa s t  t he se  ex i s t i ng 
cond i t ions ,  o r  a t  l eas t  in  c rea t ing  b r idges 
be tween  t he  s i l o s  t o  f i nd  be t t e r  ways  t o 
o rg a n i z e  d a t a  s t o r a g e  a n d  a c c e s s .  T h e y 
env i s i on  a  f u tu r e  whe re ,
•  a l l  d a t a  i s  open  t o  a cce s s , 
•  there is  a  s tatewide database assessable 
and  s ea r chab l e , 
•  t e chn i ca l  peop l e  a r e  t r a i ned  t o  co m-
mun ica t e  abou t  da t a ,
•  there  are  norms and s tandards  for  data ,
•  there is  a  place to f ind out  who is  doing 
wha t  i n  wa t e r  i n  Texas ,  and
•  t he r e  a r e  “da shboa rds”  t o  be t t e r  v i ew 
and  unde r s t and  l a rge  da t a se t s .
P a r t i c i p a n t s  a g r e e d  t h e r e  i s  n o  e a s y 
r o u t e  t o  a c h i e v e  t h e  e n d p o i n t s  e n v i -
s i oned ,  even  t hough  do ing  so  w i l l  c r ea t e 
oppo r tun i t i e s  t o  i nc r ea se  e f f i c i enc i e s  i n 
ach iev ing  p rogram goa l s  and  enhance  the 
c red ib i l i ty  of  communica t ions  to  dec is ion 
make r s  and  t he  gene ra l  pub l i c .
Pa r t i c i pan t s  f e l t  t h e r e  i s  oppo r tun i t y 
n o w  t o  e s t a b l i s h  s t a n d a r d s  a n d  n o r m s 
t ha t  w i l l  f a c i l i t a t e  da t a  sha r i ng  and  u se , 
he lp  va l ida te  the  r e l a t ive  qua l i ty  o f  da ta , 
eva lua t e  r i sk s  o f  u se ,  and  p rov ide  ways 
t o  a s s e s s  soc i a l  and  economic  cons ide r-
a t ions .   Th i s  would  inc lude  making  wa te r 
da ta  more  ava i l ab le  and  use fu l  t o  d ive r se 
a u d i e n c e s .   P a r t i c i p a n t s  c o n c l u d e d  t h a t 
g o v e r n m e n t  e n t i t i e s ,  b u t  n o t  a n y  s i n g l e 
one ,  a re  bes t  su i ted  to  bu i ld  p la t forms  for 
da ta  sha r ing .   They  sugges ted  a  measured 
e v o l u t i o n  t o w a r d  d a t a  r e p o s i t o r i e s  o n  a 
p r io r i ty  bas i s  by  bu i ld ing  f i r s t  on  cur ren t 
succes s  s t o r i e s  fo r  sma l l e r  da t a  s e t s ,  and 
t hen  l a t e r  add ing  more  complex  da t abas -
e s  t h rough  t he  ac t i on  o f  g roups  work ing 
t h r o u g h  c o l l a b o r a t i o n .   To  s u p p o r t  t h i s 
t r an s i t i on ,  pa r t i c i pan t s  sugges t ed  u se  o f 
b ig  da t a  ana ly t i c  p l a t fo rms  and  c r ea t i ng 
d a s h b o a r d s  f o r  d a t a  v i s u a l i z a t i o n  a n d 
i n t e rp r e t a t i on . 
P a r t i c i p a nt s  re co nve n e d  i n  a  c l o s i n g  s e s s i o n  fo l l ow i n g  co m p l e -t ion  o f  breakout  g roup  d i scuss i ons .   They  heard  summa r i e s  o f 
resu l t s  o f  those  d i scuss i ons .   Fac i l i tator,  Dr.  Jorge  Vanegas ,  i d ent i -
f ied  themes  that  cut  across  breakout  sess ions  and  asked  quest i o n s 
o f  the  ent i re  g roup  to  probe  for  a reas  o f  poss ib l e  future  ac t i o n . 
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
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Workforce  Educa t ion
Par t i c ipan t s  eva lua t ed  t he  no t i on  t ha t 
p e o p l e ’s  f a i t h  i n  w a t e r  m a n a g i n g  i n s t i -
t u t i ons  i s  dwind l i ng  i n  t he  a f t e rma th  o f 
publ ic i ty  surrounding recent  water  qual i ty 
events  tha t  were  harmful  to  publ ic  hea l th . 
The  r e su l t  ha s  been  a  he igh t ened  pub l i c 
r e cogn i t i on  o f  a  need  fo r  educa t i on  and 
workforce  development  in  the  water  t rea t -
men t  i ndus t r i e s .
U n i v e r s i t y  Tr a i n i n g .   M a i n t a i n i n g  a 
r e l evan t  cu r r i cu lum fo r  wa t e r  work fo rce 
e d u c a t i o n  r e q u i r e s  u n i v e r s i t y  e d u c a t o r s 
and  admin i s t r a t o r s  t o  unde r s t and  and  be 
respons ive  to  indus t ry  needs .  Par t ic ipants 
s t a t ed  t ha t  t he r e  appea r s  t o  be  l i t t l e  e f -
fo r t  by  un ive r s i t i e s  t o  r e a l i gn  cu r r i cu l a 
t o  mee t  t he  needs  o f  an  i ndus t ry  r ap id ly 
evo lv ing  as  new techno log ies  and  regu la -
to ry  r equ i remen t s  change  workfo rce  edu-
ca t ion  requ i rements .   They  cou ld  th ink  o f 
no  p rog rams  t ha t  a r e  adap t i ng  t o  t oday ’s 
needs  a t  the  undergraduate  level ,  a l though 
t h e  p r o p o s e d  u n d e rg r a d u a t e  p r o g r a m  a t 
Texas  A&M Unive r s i t y–San  An ton io  was 
ment ioned  as  a  s tep  in  the  r igh t  d i rec t ion . 
Un ive r s i t i e s  a r e  m i s s ing  an  oppo r tun i t y 
t o  e d u c a t e  s t u d e n t s  f o r  j o b s  i n  a  g o o d 
pay ing  s t ab l e  i ndus t ry  t ha t  i s  l oca t ed  i n 
any  s t uden t ’s  backya rd . 
Pa r t i c ipan t s  ag reed  tha t  fu tu re  educa -
t i on  o f  s t uden t s  s eek ing  ca r ee r s  i n  wa t e r 
m a n a g e m e n t  a n d  c o n s e r v a t i o n  n e e d s  t o 
be  b roade r  t han  t ha t  gene ra l l y  ava i l ab l e 
t h r o u g h  a  c i v i l  e n g i n e e r i n g  d e g r e e  p r o -
g r am.   S tuden t s  s hou ld  r ece ive  t r a i n ing 
in  e th ics ,  po l icy,  bus iness ,  soc io logy,  and 
commun ica t i on .  
Par t ic ipants  s t rongly  suppor ted  in tern-
ships  to  provide s tudents  with experient ia l 
learn ing oppor tuni t ies  in  the  water  sec tor. 
Divers i ty .   Pa r t i c i pan t s  adv i s ed  t ha t  t he 
wa t e r  work fo rce  shou ld  be  r e f l e c t i ve  o f 
t he  soc i e ty  i t  s e rve s .  Pa r t i c i pan t s  adv i s e 
th i s  w i l l  he lp  ensu re  the  wa te r  workfo rce 
mee t s  t he  t e chn i ca l  needs  o f  s t akeho ld -
e r s  f o r  s e r v i c e s ,  a s  w e l l  a s  t h e  s o c i a l , 
e c o n o m i c ,  a n d  p o l i t i c a l  r e a l i t i e s  o f  t h e 
commun i ty  s e rved .
Serv ing  the  Needs  o f  Rura l  Texas .   D i f -
fe ren t ly  s ized  communi t ies  have  d i ffe ren t 
k inds  and  sca le  of  water  fac i l i t i es ,  d i ffe r-
ing  needs  for  water  workers ,  and di fferent 
t ra in ing  requ i rements  fo r  the  wate r  work-
force .   Par t i c ipan ts  ra i sed  concerns  about 
the  cu r ren t  educa t iona l  sys t em supp ly ing 
t h e  d e m a n d  f o r  a p p r o p r i a t e l y  e d u c a t e d 
and exper ienced water  workers ,  especial ly 
f o r  Texas ’ sma l l  and  ru r a l  commun i t i e s . 
Th i s  i s  a  cha l l enge  t o  be  me t  by  f l ex ib i l -
i t y,  a ccommoda t i on ,  and  l oca l i z a t i on  o f 
t r a i n ing  by  Texas ’ educa t i ona l  sy s t em to 
t r a i n  l oca l  f o r  l oca l  j obs . 
Workforce  Longev i ty .   Pa r t i c ipan t s  r ec -
ogn i zed  t ha t  wa t e r  worke r s  may  become 
more mobi le  in  thei r  careers  than has  been 
the  case  in  t he  pas t ,  po ten t i a l ly  r e su l t i ng 
in  workers  b r ing ing  a  con t inua l  s t ream of 
new  idea s  and  new  ways  o f  do ing  t h ings 
t o  t he  wa t e r  workp l ace .
Public Outreach-Education .   Part icipants 
descr ibed a  growing need for  educat ion  of 
t he  pub l i c  by  wa t e r  work fo rce  member s .
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Legacy Infrastructure .  Old infrastructure 
con t i nues  t o  p rov ide  day - to -day  s e rv i ce s 
i n  t h e  Te x a s  w a t e r  i n d u s t r y.  I t  m u s t  b e 
o p e r a t e d  a n d  r e m a i n  o p e r a t i o n a l  u n t i l 
r ep l aced .   Educa t i ona l  sy s t ems  mus t  a c -
commoda t e  t h i s  work fo rce  need  by  sup -
po r t i ng  app rop r i a t e  t r a i n ing .  
Research
Participants in one session listed current 
r e s e a r c h  u n d e r w a y  v e r s u s  r e s e a r c h  t h a t 
i ndus t ry  and  gove rnmen t  cu r r en t l y  need . 
The two lists  were markedly different,  with 
o n l y  o n e  b r o a d  a r e a  o f  o v e r l a p :  d e s a l i -
na t i on  t e chno log i e s  and  ene rgy  demand .
Area s  o f  r e s ea r ch  l i s t ed  a s  be ing  un -
de rway  we re  (1 )  wa t e r  conse rva t i on ,  ( 2 ) 
environmental flows, (3) desalination energy 
demand ,  ( 4 )  da t a  s amp l ing  t e chno log i e s , 
( 5 )  wa t e r  t r e a tmen t ,  and  (6 )  t he  nexus  o f 
ene rgy,  f ood ,  and  wa t e r.   A rea s  l i s t ed  a s 
needed  by  i ndus t ry  and  gove rnmen t  we re 
(1 )  desa l ina t ion  energy  demand  and  b r ine 
management ,  (2 )  soc io -economic  s tud ies , 
( 3 )  ho l i s t i c  wa t e r  managemen t ,  ( 4 )  r egu -
l a t i ons ,  ( 5 )  d rough t  and  f l ood  r e sponse , 
(6)  communicat ion of  informat ion,  and (7) 
pub l i c  hea l t h  i n  po l l u t i on  con t ro l .  
R e s e a r c h  p r o j e c t  a r e a s  p r o p o s e d  f o r 
f o l l o w - u p  a t t e n t i o n  b y  f o r u m  a t t e n d e e s 
i nc luded  t he  fo l l owing ,  no t  l i s t ed  i n  any 
o rde r  o f  p r i o r i t y :
Basel ine  Data .  Par t ic ipants  recommended 
de f in ing  base l ine  da t a  s e t s ,  and  in t eg ra t -
i n g  t h e  a v a i l a b l e  d a t a  i n  w a y s  t h a t  a r e 
t r a c t ab l e  f o r  i n fo rming  dec i s i on  make r s 
and  t he  gene ra l  pub l i c .
Big  Data .   One  pa r t i c i pan t  men t i oned  a 
g rowing  f rus t ra t ion  o f  “drowning  in  da ta , 
bu t  s t a rv ing  fo r  unde r s t and ing . ”   Pa r t i c -
i p a n t s  r e c o m m e n d e d  u s e  o f  “ b i g  d a t a ” 
dec is ion  suppor t  too ls  to  more  e ffec t ive ly 
acces s  and  u se  t he  eve r  g rowing  amoun t s 
o f  da t a .
Climate .   There  i s  a  need  to  mode l  fu tu re 
c l i m a t e  w i t h  a n  i n c r e a s e d  f o c u s  o n  t h e 
pa s t  r e co rd .
B o d y  o f  I n f o r m a t i o n .   Wa t e r  w o r k e r s 
mus t  do  a  be t t e r  j ob  i n fo rming  dec i s i on 
make r s  and  t he  gene ra l  pub l i c  abou t  t he 
b o d y  o f  i n f o r m a t i o n  t h a t  a l r e a d y  e x i s t s 
a b o u t  w a t e r ,  a n d  h o w  t h a t  i n f o r m a t i o n 
c a n  b e  u s e d .   T h i s  i n c l u d e s  i n f o r m i n g 
s t a k e h o l d e r s  a b o u t  t h e  n a t u r e  o f  Te x a s ’ 
w a t e r  r e s o u r c e s ,  s u c h  a s  a b o u t  s u r f a c e 
a n d  g r o u n d w a t e r  i n t e r a c t i o n s ,  d r o u g h t , 
and  f l ood  cyc l e s .  
Local  Supply  and Demand .   Pa r t i c ipan t s 
f e l t  t h a t  r e s ea r ch  shou ld  be  conduc t ed  t o 
d e v e l o p  a  b e t t e r  u n d e r s t a n d i n g  o f  l o c a l 
( commun i ty - l eve l )  wa t e r  supp ly  and  de -
mand .
Meeting Needs of Society .   Water research-
e rs  mus t  to  do  a  be t te r  job  address ing  and 
communicat ing about  the  broader  needs  of 
soc i e ty  and  commun i t i e s  f o r  so lu t i ons  t o 
longer-term issues as opposed to short-term 
needs  fo r  main ta in ing  cur ren t  opera t ions .
T h e  U n k n o w n .   W h i l e  t h e  r e g u l a t o r y, 
po l i t i ca l  and  fund ing  env i ronmen t  d r ives 
researchers to study, what is already known, 
par t ic ipants  fel t  that  researchers  must  take 
s t ep s  t o  be t t e r  unde r s t and  f ac to r s  a f f ec t -
i ng  wa t e r  t ha t  we  don ’ t  know,  bu t  wh ich 
may  impac t  Texas ’ f u tu r e  wa t e r  s ecu r i t y.
Water Ava i lab i l i ty .   Pa r t i c ipan t s  r ecom-
mended new work to  expand current  water 
ava i l ab i l i ty  mode l s  tha t  in teg ra te  su r face 
and  groundwater  da ta  in to  a  s ingle  model .
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W a t e r  P o l i c y  a n d  R e g u l a t i o n .   T h e 
d i spa r a t e  s e t  o f  l ega l  and  pe rmi t t i ng  r e -
qu i r emen t s  a s soc i a t ed  w i th  g roundwa te r 
and  su r f ace  wa te r  mus t  be  add re s sed  i n  a 
scient i f ical ly  sound and object ive fashion, 
i n c l u d i n g  c o n n e c t i v i t y  b e t w e e n  s o u r c e s 
o f  and  i n t e r ac t i ons  be tween  su r f ace  and 
g roundwa te r.
Water P lann ing .   The re  i s  a  need  fo r  a 
“wate r  p lan  for  the  fu ture”  tha t  t akes  in to 
account  connect ions  between groundwater 
a n d  s u r f a c e  w a t e r,  r e c o g n i z e s  c h a n g i n g 
c l ima t e ,  and  i den t i f i e s  t he  t r ue  va lue  o f 
w a t e r.   P a r t i c i p a n t s  s u g g e s t e d  e n s u r i n g 
t h a t  w a t e r  p l a n n i n g  b e  r e s p o n s i v e ,  u s e 
“ adap t i ve  managemen t”  p roce s se s ,  a n d  b e 
s c i en t i f i c a l l y  hones t .
Funding  and  Par tnersh ips
Pa r t i c i pan t s  men t i oned  s eve ra l  l a rge -
s ca l e  conso r t i a  o r  co l l abo ra t i ve  r e sea r ch 
n e t w o r k s  i n  Te x a s .   T h e s e  i n c l u d e d  t h e 
fo rum hos t ,  NSF /RCN-CE3SAR,  a s  we l l 
as  the South Central  Texas Water  Research 
I n t e r e s t  G r o u p ,  Te x a s  Wa t e r  R e s e a r c h 
N e t w o r k ,  Te x a s  Wa t e r  R e s o u r c e s  I n s t i -
t u t e ,  a n d  t h e  F o o d  E n e rg y  Wa t e r  N e x u s 
In i t i a t ive .   There  a re  a l so  many  o ther  and 
sma l l e r  pa r t ne r sh ip s  i n  t he  wa t e r  s ec to r. 
Par t ic ipants  sugges ted  tha t  more  effec t ive 
u se  o f  ex i s t i ng  pa r tne r sh ips  w i l l  be  more 
e f f i c i e n t  t h a n  c r e a t i n g  n e w  o n e s .  To  b e 
compe t i t i ve  fo r  g ran t  and  loan  p rog rams , 
p a r t n e r i n g  c a n  p r o d u c e  a  s t r o n g e r  a n d 
more  t e chn i ca l l y  sound  p roposa l .
P a r t i c i p a n t s  s u g g e s t e d  p a r t n e r s h i p s 
a n d  c o l l a b o r a t i o n s  w i l l  b e  e f f e c t i v e  i n 
add re s s ing  t he  fo l l owing  oppo r tun i t i e s :
Sta te  Water  Pro jec t s .   The re  i s  s i g -
n i f icant  oppor tuni ty  for  new work  on  cap-
i t a l - r e l a t ed  p ro j ec t s  t h rough  t he  SWIFT 
a n d  s t a t e  r e v o l v i n g  f u n d ,  w i t h  f u n d i n g 
c r i t e r i a  f l ex ib l e  enough  t o  a l l ow  fo r  i n -
nova t i on  on  t r ad i t i ona l  wa t e r  p ro j ec t s  a s 
we l l  a s  deve lopmen t  o f  wa te r  e f f i c i ency /
conserva t ion  e ffor t s  tha t  inc lude  the  need 
fo r  i nves tmen t  i n  c ap i t a l  i n f r a s t ruc tu r e . 
These opportuni t ies  wil l  be  most  avai lable 
th rough  par tnersh ips  fo rmed  wi th  smal le r 
communi t ies .   To  a id  in  format ion  of  such 
pa r t ne r sh ip s ,  pa r t i c i pan t s  sugges t ed  t ha t 
the TWDB repeat  (or  enhance)  the or iginal 
SWIFT out reach  program to  communi t ies . 
P a r t i c i p a n t s  a l s o  s u g g e s t e d  t h a t  w a t e r 
w o r k e r s  i n t e r e s t e d  i n  p a r t n e r i n g  w i t h 
c o m m u n i t i e s  s h o u l d  c o n s i d e r  p r o v i d i n g 
direct  t raining and support  in grant  wri t ing 
t o  commun i t i e s .
U n m a n n e d  A i rc r a f t  S y s t e m s .   N e w 
ways  to  conduc t  wa te r  r esea rch  a re  ava i l -
ab le  through col labora t ions  wi th  the  Lone 
Star  Unmanned Aircraf t  Systems Center  a t 
Texas  A&M Unive r s i t y  -  Co rpus  Chr i s t i .
Data  In tegr i ty .   La rge - s ca l e  co l l ab -
o r a t i o n  w i l l  b e  n e e d e d  t o  a d d r e s s  t h e 
u n d e r l y i n g  r e a s o n s  f o r  i n t e r o p e r a b i l i t y 
o f  d a t a  s e t s .  T h e  T W D B  v o l u n t e e r e d  t o 
h o s t  c o n t i n u e d  d i s c u s s i o n s  a b o u t  d a t a 
a cce s s  and  u se . 
E n v i ro n m e n t a l  F l o w s .   P a r t i c i p a n t s 
sugges ted  a  par tnership  to  bui ld  a  re l iable 
d a t a b a s e  o n  e n v i r o n m e n t a l  f l o w s  u s i n g 
case  s tudies  and methodologies  a l ready in 
u se  i n  va r i ous  r i ve r  ba s in s  i n  Texas ,  and 
t h e n  r e p l i c a t i n g  b e s t  p r a c t i c e s  i n  o t h e r 
l oca t i ons .
Emergency  Response .   Based  on  t he 
e x a m p l e  o f  n e w  d a t a  c o l l e c t i o n s  a n d 
r e s e a r c h  p r o j e c t s  i n i t i a t e d  a c r o s s  Te x a s 
du r ing  r ecen t  d rough t  and  f l ood  even t s , 
f ede ra l  and  s t a t e  emergency  managemen t 
agencies may provide potential  funding for 
wa t e r  work  du r ing ,  and  i n  t he  a f t e rma th 
o f ,  pe r i ods  o f  emergency. 
Federal Partnerships.  Federal programs 
s u c h  a s  t h e  S m a l l  B u s i n e s s  I n n o v a t i o n 
Resea r ch  p rog ram and  o the r  p rog rams  i n 
va r i ous  f ede r a l  agenc i e s  may  have  funds 
ava i l ab l e  f o r  u se  i n  sma l l e r,  more  ru r a l 
communi t ies .   Such  programs may expand 
partnership opportunities and further lever-
age  mon ie s  ava i l ab l e  t h rough  t he  s t a t e .
Forum Conc lus ion 
I n  conc lud ing  t he  fo rum,  Dr.  Vanegas 
sough t  t o  f i nd  ou t  wha t  e ach  pa r t i c i pan t 
would  have  the  group  do ,  i f  they  could  do 
one  th ing  toge ther.   Not  every  par t i c ipan t 
had  an  oppor tun i ty  t o  r e spond  du r ing  t he 
fo rum,  bu t  a l l  were  inv i ted  to  answer  th i s 
ques t ion  by  comple t ing  a  pos t - fo rum sur-
vey.  He re  a r e  some  o f  t he  answer s  g iven 
a t  t he  fo rum and  on  t he  su rvey :
•  C o m b i n e  e f f o r t s  t o  c o u n t e r  t h e  p o -
l i t i c a l  f o r c e s  h a m p e r i n g  p r o g r e s s i v e 
2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
32
science-based water  resources manage-
men t  i n  a r ea s  such  a s  c l ima te  change , 
g r o u n d w a t e r  c o n n e c t i v i t y  t o  s u r f a c e 
w a t e r ,  w a t e r  v a l u a t i o n ,  a n d  o u t - o f -
ba s i n  wa t e r  t r an s f e r.
•  Develop a  cent ra l ized  bus iness  in te l l i -
gence tool  for al l  things water in Texas.
•  Continue to have charrettes that involve 
t he  ma jo r  p l aye r s  i n  Texas  wa t e r.
•  Ident i fy  what  the  agencies / ind iv idua ls 
represented at  the forum can contr ibute 
toward a central ized source of  informa-
t ion  on  wa te r- re la ted  e ffo r t s  in  Texas .
•  H e l p  s m a l l e r  c o m m u n i t i e s  b e t t e r  i n -
t e g r a t e  w a t e r  p l a n n i n g  a n d  f u n d i n g 
e ffor t s  by  offe r ing  technica l  and  p lan-
n ing  a s s i s t ance .  
•  F o r m  s t r a t e g i c  p a r t n e r s h i p s  t a r g e t -
i n g  c r i t i c a l  n e e d s  o f  w a t e r  r e s o u r c e 
m a n a g e m e n t ,  r a t h e r  t h a n  c a r v e  o u t 
i nd iv idua l  f i e fdoms . 
•  Produce  a  repor t  ident i fy ing  “ research 
a r ea s  o f  i n t e r e s t ”  o f  pa r t i c i pan t s .
•  Convey the urgency of  water  awareness 
t o  a l l  we  encoun t e r.
Next  S teps
In  response  to  the  f ina l  ques t ion  about 
hav ing  t he  g roup  do  one  t h ing  t oge the r, 
i t  was  r ecommended  t ha t  a  documen t  be 
d r a f t ed  t ha t  s e t s  a  p r i o r i t y  on  needs  fo r 
ac t i on  on  wa te r.   The  nex t  s t ep  fo r  fo rum 
organizers  wi l l  be  to  produce such a  docu-
ment  d rawing  on  the  resu l t s ,  conc lus ions , 
and proposed actions coming from all  three 
roadmap forums.   However,  i t  was  pointed 
ou t  t ha t  t he r e  i s  no  means  t o  l i s t  de f i n -
i t i ve  p r i o r i t i e s  i n  a  way  t ha t  a ccu ra t e ly 
r e f l e c t s  a l l  d i s cus s ions  a t  t he  fo rums .   I t 
was  c lea r  tha t  one  par t i c ipan t ’s  p r io r i t i e s 
may  be  ve ry  d i f f e r en t  t han  t he  p r i o r i t i e s 
o f  o the r s .  G iven  the  d ive r se  backgrounds 
and  cu r r en t  r e spons ib i l i t i e s  o f  t he  wa t e r 
exe r t s  a s sembled  a t  t he  fo rums ,  d ive r s i ty 
o f  op in ion  on  t he  p r i o r i t y  o f  t ak ing  one 
ac t i on  ve r su s  any  o the r  i s  l og i ca l .   How-
ever  there  was  cons iderab le  agreement  on 
wha t  k inds  o f  a c t i ons  a r e  needed .  
D r .  Va n e g a s  u s e d  t h e  a n a l o g y  o f  a 
s a l ad  ba r  when  de sc r i b ing  t he  r e su l t s  o f 
t h e  t h r e e  r o a d m a p  f o r u m s .  H e  s a i d ,  t h e 
forums have created a  sor t  of  sa lad bar  for 
roadmap di rec t ions  we can take  to  address 
Texas ’ wa t e r  i s sues ,  w i th  a  s t a t i on  o ff e r-
i ng  d i r ec t i ons  t o  t ake  fo r  da t a ,  a  s t a t i on 
fo r  r e sea rch ,  a  s t a t i on  fo r  educa t ion ,  and 
s t a t i ons  fo r  new  t echno log i e s ,  ou t r each , 
partnerships,  funding, and so on.  Everyone 
c a n  m a k e  t h e  s a l a d  o f  t h e i r  c h o i c e ,  b u t 
one  pe r son’s  sa l ad  may  be  qu i t e  d i ff e ren t 
t han  any  o the r ’s .  
A conc lud ing  docum e nt 
wi l l  fo l low publ i cat i o n 
of  th i s  th i rd ,  and  f ina l 
roadm ap forum.
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
R e s o u r c e  N e x u s :  W a t e r ,  E n e r g y ,  F o o d
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“The linkage between 
water, energy 
and food is key 
to the sustainable 
growth of Texas 
and security of all 
Texans.”
-  Dr. Jon Mogford
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“Vigorously 
defend the 
integrity of data 




-  Dr. Cynthia Matson
Welcome Address
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T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
Report and Path Forward




A  Race  A ga inst  T ime
“There is no resource 
more important 
to the sustainable 
growth of Texas than 
water.”
-  Andrew Sansom
Texas Water Tech Roadmap Forum
February 25, 2015
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The roadmap forums have allowed 
Texas  water  experts  in  the  var i -
ous  water  sectors  to  o ffer  what 
they  be l ieve  to  be  important  to 
secure Texas’  water  future.  Now 
i t ’s  t ime  for  forum par t i c ipants 
to  p i c k  w h at ’s  m o st  i m p o r ta nt 
and take responsibi l ity for bring-
ing  together  l i ke-minded forum 
p a r t i c i p a n t s  a n d  o t h e r  w a t e r 
stakeholders,  and to take action.
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“We are drowning 
in data, but 
starving for 
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D ep a r tment
T im  Lo f tu s  -  Texas  S tate  Un ivers i ty
Ma r v in  Lutnesky  -  Texas  A&M Univers i ty–San 
A nto n io
Robert  Mace  -  Texas  Water  Deve lopment 
Board
Howard  Marqu i se  -  A lamo Co l leges
Cynth ia  Matson  -  Texas  A&M Univers i ty–San 
Anton io
Alber to  Mestas -Nunez  -  Un ivers i ty  o f  Texas  at 
San  Anto n io
Rab i  Mo htar  -  Texas  A&M Univers i ty
Rebecca  Moyer  -  US  Army  Co rps  o f  Eng ineers
Jo hn  N ie l sen-Gammon -  Texas  A&M Univers i ty
A lexandra  Noronha  -  Un ivers i ty  o f  Texas
Mike  O ’Br ien  -  Texas  A&M Univers i ty–San 
Anton io
Jamie  O l son  -  Cynth ia  and  George  Mi tche l l 
Fo undat ion
Wes ley  Pat r i ck  -  Southwest  Research  Inst i tu te
Steve  Raabe  -  San  Anton io  R iver  Author i ty
Susan  Rober ts  -  Texas  Center  for  A pp l ied 
Techno logy
Rudo lph  Rosen  -  Texas  A&M Univers i ty–San 
Anton io
Andy  Sansom -  Texas  S tate  Un ivers i ty
Stefan  Schuster  -  SWCA Env i ro nmenta l 
Consu l tants
Rober t  She l to n  -  Texas  A&M Univers i ty–San 
Anton io
Robert  Thompson  -  Har r i s -Ga lveston 
Subs idence  D i st r i c t
Jo hn  Tracy  -  Texas  Water  Resources  Inst i tu te
Rudo l fo  Va ldez  Bar i l l a s  -  Texas  A&M 
Univers i ty–San  Anton io
Jo rge   Vanegas  -  Texas  A&M Univers i ty
Sam Vaugh  -  HDR Eng ineer ing
Todd  Votte ler  -  Guada lupe-B lanco  R iver 
Author i ty
C indy  Wal l  -  Texas  A&M Eng ineer ing 
Exper iment  S tat ion
Ra lph  Wurbs  -  Texas  A&M Univers i ty
Hua  Zhang  -  Texas  A&M Univers i ty-Corpus 
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2016  Texas  Water  Roadmap Forum
A Fac i l i tate d  Interd isc ip l inar y 
and  M ul t i -S takeholder  “ Ch arrette”
Forum Host
Dr.  Cynth ia  Matson  –  Pres i d ent ,  Texa s  A& M Un i vers i t y–S a n  Anton io
Master  o f  Ceremonies  and  Charrette  Fac i l i tator
Dr.  Jorge  Vanegas  –  Dean,  Co l lege  of  Arch i tecture ,  Texas  A&M Univers i ty-
Col lege  Stat ion  and Professor,  Texas  A&M Engineer ing  Exper iment  Stat ion
Organizer
Dr.  Rudo l ph  Rosen  –  D i rec tor,  I n st i t u te  for  Water  Res ou rc es  S c i ence  and 
Techno logy,  Texa s  A& M Un i vers i t y–S a n  Anton i o
Morning  Keynote  Address
Ms.  Kath leen  Jackson  –  Boa rd  Memb er,  Texa s  Water  Deve l op ment  Board
Afternoon Keynote  Address
Dr.  Andrew Sansom –  Exec u t i ve  D i rec tor,  Mea d ows  C enter  for  Water  and 
the  Env i ronment ,  Texa s  S tate  Un i vers i t y,  S a n  Ma rcos
Sponsor  Welcome Messages
D r.  Ro b e r t  M a c e  –  D e p u t y  E xe c u t i ve  A d m i n i s t rato r,  Wate r  S c i e n c e  a n d 
Conser vat ion ,  Texa s  Water  Deve l op ment  Boa rd 
Dr.  Lu i s  C i fuentes  –  Pr i n c i p a l  I nvest i gator,  Nat i on a l  S c i en c e  Fou ndat ion 
Re s e a rc h  C o o rd i n a t i o n  N e t w o r k  fo r  C l i m a t e ,  E n e rg y,  E nv i ro n m e n t  a n d 
Enga gement  i n  S emi a r i d  Reg i on s
 
Appendix  I I  –  Pr inc ipa ls
2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
36
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
Charrette  Fac i l i tators
Dr.  Luis  A.  Cifuentes – Vice President,  Divis ion of  Research,  Commercial izat ion 
and  Outreach ,  Texas  A& M Un i vers i t y–C or p u s  C h r i st i
(Charrettes :  Workforce  Ed u cat i on  a n d  F u n d i n g  Op p or t u n i t i es )
D r.  G w e n d o l y n  H u s t v e d t   –  A s s i s t a n t  D i r e c t o r  fo r  G ra d u a t e  S t u d i e s  a n d 
Research and Assoc iate  Professor  of  Text i les ,  School  of  Fami ly  and Consumer 
Sc iences ,  Texas  S tate  Un i vers i t y,  S a n  Ma rcos
(Charrettes :  Data  &  I nfor mat i on )
Dr.  Wes l ey  Pat r i ck  –  V ice  Pres id ent ,  G eos c i en c es  a n d  E n g i n eer i n g  D i v i s i on , 
Southwest  Resea rc h  I n st i t u te ,  S a n  Anton i o
(Charrettes :  Research  Need s  I  a n d  F u n d i n g  Op p or t u n i t i es )
D r.  S u s a n  V.  Ro b e r t s  –  D i re c to r,  Wate r  Syste m s  D i v i s i o n ,  Texa s  C e nte r  fo r 
App l ied  Tec h n o l ogy,  S a n  Anton i o 
(Charrettes :  Data  &  Informat i on  a n d  Pa r t n er i n g  Op p or t u n i t i es )
M s .  C i n d y  Wa l l  –  A s s i s ta nt  A ge n c y  D i re c to r  fo r  Re g i o n a l  D i v i s i o n s ,  Texa s 
A&M Eng ineer ing  Exp er i ment  S tat i on ,  C o l l ege  S tat i on
(Charrettes :  Research  Need s  I I   a n d  Pa r t n er i n g  Op p or t u n i t i es )
 Contr ibutors
Ms.  Sam Mar i e  Hermi tte  –  Texas  Water  Deve l op ment  Boa rd 
Ms .  Nua l a  Mart inez  –  Texas  A&M Un i vers i t y–S a n  Anton i o
Report  Ed i tor-Author
D r.  R u d o l p h  Ro s e n  –  D i re c to r,  I n s t i t u te  fo r  Wate r  Re s o u rc e s  S c i e n c e  a n d 
Techno logy,  Texas  A& M Un i vers i t y–S a n  Anton i o
37
Appendix  I I I  –  Agenda
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F o r u m  fa c i l i tato r  D r.  J o rge  Va n e ga s  p re s e nte d  i n fo r m at i o n  a n d int roduced  forum hosts ,  speakers  and  sess i on  fac i l i tators .  Th i s 





2016 Texas Water 
Roadmap Forum
Location:
Texas A&M University – San Antonio (TAMU–SA)
Vista Room, 4th Floor, Central Academic Building Bldg.
Texas A&M University - San Antonio
One University Way, San Antonio, TX 78224
Date & Time:
November 29, 2016 – 9:00 a.m. to 4:00 p.m.
Lead Facilitator: 
Dr. Jorge Vanegas, Dean College of Architecture at Texas A&M University
Plenary Session 1
9:00 a.m. – 10:00 a.m.
(60 minutes) 
Presentation of Sponsors, and
Background of the Forum
Dr. Rudy Rosen
The Institute for Water Resources Science 
and Technology











• This Forum builds upon past results of water roadmap forums and the large 
body of work commonly known by and available to workers in water 
industries.  
• The first forum focused on water technology and commercialization:
http://texaswatertech.org/wp-
content/uploads/2015/03/Texas_Water_Tech_Forum_Rept.pdf
• The second forum had participants looking at the “nexus” (water-food-
energy), where they defined the most critical problems facing the nexus and 
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9:00 a.m. – 10:00 a.m.
(60 minutes) 
Agenda
Plenary Session 1: “Establishing the Point of Departure for the 
Forum & Charrette Process”
9:00 a.m. – 10:00 a.m. (60 minutes)
(Facilitator: Jorge Vanegas)
Welcome, Introduction to charrette objectives and logistics, and TWDB opportunities
• Presentation of sponsors and background for the forum – Rudy Rosen [5 minutes]
• Overview of the agenda – Jorge Vanegas [5 minutes]
• Presentation of the charrette process, goals, and “rules of engagement"  – Jorge 
Vanegas [15 minutes]
• Facilitated plenary discussion on, and formal documentation of, roles, drivers, and  
expectations of the charrette participants  – Jorge Vanegas [5 minutes]
• Welcome to Texas A&M University San Antonio and presentation of Keynote Speaker –
Dr. Cynthia Matson, President [5 minutes]
• SWIFT Funding and other opportunities – Kathleen Jackson (TWDB)  [25 minutes: 15 




10:00 a.m. – 12:00 noon
(120 minutes) 
Agenda
Breakout  Session  1: “Breakout Group Discussions Round 1”
10:00 a.m. – 12:00 a.m. (120 minutes)
(Facilitator: Gwendolyn Hustvedt, Texas Tech)
• Breakout Group No. 1a: Data, Information, Communication, Sharing, 
Expertise
This breakout group will focus on a discussion overcome impediments to 
communicating, transmitting, and accessing data, research needs, expertise, and 
other information about Texas water science, policy, and research to increase and 
improve its use by decision makers, agencies, and others. 
 How can information be shared most effectively and efficiently? 
 Ideally, who should lead efforts to develop information sharing resources?
Agenda
Breakout  Session  1: “Breakout Group Discussions Round 1”
10:00 a.m. – 12:00 a.m. (120 minutes)
(Facilitator: Luis Cifuentes, Texas A&M Corpus Christi)
• Breakout Group No. 1b: Workforce, Education Needs
This breakout group will focus on a discussion of the need for more highly 
educated, skilled, and degreed workers for the future. 
 What are current and future water workforce needs?  
 How do we address these needs to the benefit of Texas’ water industries, 
groundwater conservation districts, utilities and others? 
Agenda
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Breakout  Session  1: “Breakout Group Discussions Round 1”
10:00 a.m. – 12:00 a.m. (120 minutes)
(Facilitator: Wesley Patrick, Southwest Research Institute)
• Breakout Group No. 1c: Research Needs I
This breakout group will focus on a discussion of the most pressing current and 
future research needs in the areas of water sources  and transport, including 
but not limited to the following: 
 Conventional sources and Reservoirs
 Groundwater, and aquifer storage & recovery





 Aging infrastructure, and loss/leakage
Agenda
Breakout  Session  1: “Breakout Group Discussions Round 1”
10:00 a.m. – 12:00 a.m. (120 minutes)
(Facilitator: Cindy Wall, Texas A&M University System)
• Breakout Group No. 1d: Research Needs II
This breakout group will focus on a discussion of the most pressing current and 
future research needs in the areas of water use and enabling technologies,
including but not limited to the following: 
 Agriculture, municipal, or industrial
 New technologies & membranes, and artificial wetlands
 Valuation
 Infrastructure and aging
 Regulatory environment
 User behavior and perceptions
 Education
 “Big” data, information management, and smart systems 
Agenda
Working Lunch, Networking, 
and Plenary Session 2
12:00 noon – 1:00 p.m.
(60 minutes) 
Agenda
Plenary Session 2: “Setting the Stage for Action”
12:00 noon – 1:00 p.m. 
(Facilitator: Jorge Vanegas)
• The National Science Foundation RCN-CE3SAR – Luis Cifuentes [5 minutes]
• Partnerships for action – Andrew Sansom (Meadows Center for Water and 
Environment) [25 minutes: 15 min. presentation & 10 min. for Q&A]
• Texas Water Development Board expectations for the afternoon charrette –




1:00 p.m. – 2:30 p.m.
(90 minutes) 
Agenda
Breakout Session 2: “Breakout Group Discussions Round 2”
1:00 p.m. – 2:30 p.m. (90 minutes) 
(Co-Facilitators: Luis Cifuentes and Wesley Patrick)
• Breakout Group No. 2a: Funding Opportunities
Two separate breakout groups will focus on a discussion of funding opportunities 
that are available to address identified needs.  
 Are there partnerships that can be created to access these opportunities, 
either now or in the future? 
 In particular, how does SWIFT funding factor into addressing the needs 
identified in earlier breakout sessions? 
Agenda
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Breakout Session 2: “Breakout Group Discussions Round 2”
1:00 p.m. – 2:30 p.m. (90 minutes)
(Co-Facilitators: Cindy Wall and Susan Roberts, Texas A&M University System)
• Breakout Group No. 2b: Partnership Opportunities
Two separate breakout groups will focus on a discussion of partnership 
opportunities that are available to address identified needs.  
 Are there funding opportunities that can be sought using these partnerships? 
 In particular, how does SWIFT funding factor into addressing the needs 
identified in earlier breakout sessions?
Agenda
Plenary Session 3
2:30 p.m. – 3:30 p.m.
(60 minutes) 
Agenda
Plenary Session 3: “Plenary Presentations Results from Breakout 
Group Discussions Rounds 1 & 2”
2:30 p.m. – 3:30 p.m. (60minutes)
(Facilitator: Jorge Vanegas)
• Plenary Session 3a: “Presentations Breakout Group Round 1”
2:30 p.m. – 3:00 p.m. (30 minutes)
Each Breakout Group will present the highlights of their discussions in Round 1 to 
all participants in the charrette [5 minutes + 2 minutes Q&A each, strictly timed; 
length will be adjusted if there are more than four breakout groups]
• Plenary Session 3b: "Presentation on Breakout Group Round 2”
3:00 p.m. – 3:30 p.m. (30 minutes)
Each Breakout Group will present the highlights of their discussions in Round 2 to 
all participants in the charrette [5 minutes + 2 minutes Q&A each, strictly timed; 
length will be adjusted if there are more than four breakout groups] 
Agenda
Plenary Session 4
3:30 p.m. – 4:00 p.m.
(30 minutes) 
Agenda
Plenary Session 4: “The Path Ahead”
3:30 p.m. – 4:00 p.m. (30 minutes)
(Facilitator: Jorge Vanegas)
Final facilitated plenary discussion on, and formal documentation of, a preliminary 
consensus among participants 
Adjourn at 4:00 pm
Agenda Process, Goals & Rules
Charrette Process, Goals, and 
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Process
The process for this forum 























































Water Sources & 
Transport
Research Needs II:








































• Previous work identified critical needs for water sustainability in Texas,
including finding significant opportunities for information sharing, improved 
workforce education, commercialization, and innovation in areas such as 
desalination, reuse, conservation, and ‘smart-water’ technologies.
• This third forum will
 Further focus/refine needs and targets,
 Define the current scientific and technical capacity of Texas’ centers of research 
and the public sector to address these needs,
 Dive more deeply into workforce issues,
 Provide added basis for building a water roadmap in key areas for Texas, and
 Emphasize funding, partnerships, research, and innovation-driven outcomes.
Goals
• The forum brings together Texans from diverse technical, academic, 
research, management, and business backgrounds in water to participate 
in envisioning a future Texas where water security is assured for 
people, industry, food production, and nature.
• The main goal of the forum is to prioritize and frame key milestones 
with the overall objective of securing Texas’ water future, while 
accelerating growth of Texas’ water infrastructure, technologies, 
industries, and sustainable water use.
• Forum participants represent Texas’ leading water sectors, including 
water associations and other non- governmental organizations, research 
institutes and universities, public agencies, industry, and water utilities, 
districts, and authorities.
Goals
• The Forum is designed to:
 Bring forth partnerships to complement, supplement, strengthen, enhance, 
and extend the work, efforts, and accomplishments of Texas’ key water 
stakeholders.  
 Establish collaborative models and solutions, making use of new funding 
sources, such as through the SWIFT program, which are now available for 
financing rural and urban water infrastructure.  
 Focus on areas identified in previous forums as critical or emerging and 
in need of actions that can be accomplished:
o Access to, sharing, and use of information, data, communication, 
expertise, science, and policy that cross disciplines, campuses, 
networks, and resources;
o Employment, workforce training, and security; and






• What you listen/learn from the plenary summaries of 
breakout discussions
• What you contribute to the final plenary 
discussion on the “Path Ahead”, and what you 
listen/learn from others
• The post-forum report, which will be shared with all 
You can expect five specific takeaways…
The rules for this forum have 
three main components…
Rules of  
Engagement
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Step 1: THINK
In individual “Quiet






Step 3: THINK AGAIN
Individually and quietly, 
write down your ideas
Step 2: SHARE










representative from the 
group, present the 









As a group, select the 
key or preferred ideas 
of the group
Yes
And within this process…
DIVERGE
CONVERGE
For Breakout Group 1a:
 How  can  we  overcome  impediments  to  
communicating,  transmitting,  and  accessing  data, 
research needs, expertise, and other information about 
Texas water science, policy, and research to increase and 
improve its use by decision makers, agencies, and others? 
 How can information be shared most effectively and 
efficiently? 
 Ideally, who should lead efforts to develop information 
sharing resources?
Driving Questions
For Breakout Group 1b:
 In light of the greying of the current workforce and the need 
for more highly educated, skilled, and degreed workers for 
the future, what are current and future water workforce 
needs?
 How do we address these needs to the benefit of Texas’ 
water industries, groundwater conservation districts, utilities 
and others?
Driving Questions
For Breakout Groups 1c & 1d:
 What are the most pressing current and future research 
needs (from the agency and stakeholder perspectives) as 
compared to research that is currently underway in Texas’ 
university and independent research institutions (from the 
researcher prospective)?
Driving Questions
For Breakout Group 2a:
 What funding opportunities are available to address 
identified needs? 
 Are there partnerships that can be created to access 
these opportunities, either now or in the future? 
 In particular, how does SWIFT funding factor into 
addressing current and future needs?
Driving Questions
47
For Breakout Group 2b:
 What partnership opportunities are available to address 
identified needs?   
 Are there funding opportunities that can be sought using 
these partnerships?   
 In particular, how does SWIFT funding factor into 
addressing current and future needs?
Driving Questions





Roles, Drivers, and 
Expectations 
Roles
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Presentation of SWIFT Funding 
and Other Opportunities 
Kathleen Jackson 
The Water Development Board (TWDB)
[25 minutes – 15 min. presentation &





10:00 a.m. – 12:00 noon
(120 minutes) 
Breakout Groups Assemble at 
10:00 a.m. 
 Participants select their first choice of discussion topics.
 Depending on the number of charrette participants and their 
interest in specific topics, additional breakout groups may be 
formed, as needed.  




 Breakout Group No. 1a:
Data, Information, Communication, Sharing, Expertise
 Breakout Group No. 1b:
Workforce, Education Needs
 Breakout Group No. 1c: 
Research Needs I – Water Sources  and Transport
 Breakout Group No. 1d: 
Research Needs II –Water Use and Enabling Technologies
Breakout Groups 
Round 1










12:00 noon – 1:00 p.m.
(60 minutes) 
The National Science 




Partnerships for Action –
Dr. Andrew Sansom
Meadows Center for Water and Environment
[25 minutes: 15 min. presentation & 
10 min. for Q&A]
Agenda
Texas Water Development 
Board Expectations for the 
Afternoon Charrette






1:00 p.m. – 2:30 p.m.
(90 minutes) 
Breakout Groups Assemble at 
1:00 p.m. 
 Participants select their first choice of discussion topics.
 Depending on the number of charrette participants and their 
interest in specific topics, additional breakout groups may be 
formed, as needed.  
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 Breakout Group No. 2a:
Funding Opportunities











2:30 p.m. – 3:30 p.m.
(60 minutes) 





[5 minutes + 2 minutes Q&A each, 
strictly timed]
Plenary Session 3
Presentation Breakout Group 
No. 1b:
Workforce, Education Needs




Presentation Breakout Group 
No. 1c: 
Research Needs I – Water 
Sources  and Transport
[5 minutes + 2 minutes Q&A each,
strictly timed]
Plenary Session 3
Presentation Breakout Group 
No. 1d: 
Research Needs II –Water Use 
and Enabling Technologies
[5 minutes + 2 minutes Q&A each,
strictly timed]
Plenary Session 3
Presentation Breakout Group 
No. 2a:
Funding Opportunities
[5 minutes + 2 minutes Q&A each,
strictly timed]
Plenary Session 3
Presentation Breakout Group 
No. 2b:
Partnership Opportunities








2 0 1 6  T e x a s  W a t e r  R o a d m a p  F o r u m
52
W o r k f o r c e  E d u c a t i o n ,  D a t a ,  &  R e s e a r c h
Share
What are your main 




What are your main 
“takeaways” from the 




What are your main 
“takeaways” from the 




We are now Adjourned!
4:00 p.m.
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T h e  fo r u m  wa s  s u p p o r te d  t h ro u g h  a  we b s i te .  T h i s  s i te  ca n  b e accessed  at  http : //water forum.ce3sar.org /
If  no longer avai lable,  the website that was avai lable to part ic ipants 
can  be  v i ewed  on  YouTube  here :   https : / /youtu .be/JOrddO5 h i Q Q  
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Appendix  IV  –  Forum Webs i te
Cover  im age  i s  f rom the  Meadows  Center  for  Water  and  the  Env i ronment ,  Texas  S tate  Un i -
vers i t y  and  Headwaters  to  Oceans  (http : //water- texas .org / ) .   A l l  o ther  images  used  in  the 
repo r t  a re  f rom Rudo l ph  Rosen .
Th is  Repo rt  may  be  c i ted  as :  Rosen ,  Rudo lph  A .  2017 .  2016  Texas  Water  Roadmap Forum -
Wo r kfo rce  Educat ion ,  Data ,  and  Research .  Inst i tute  for  Water  Resources  Sc ience  and  Tech -
no lo g y,  Texas  A&M Univers i ty–San  Anton io,  San  Anton i o,  TX .  ( I SBN:  978-0-9986645-0-7 )
Co p i es  m ay  be  obta i ned  at  Texas  A&M Univers i ty–San  Anton io,  One  Un ivers i ty  Way,  San  An -
to n io,  TX  78224.  http : // l ibgu ides .ta musa .edu/ ld .php?content_ id=28446621
View publication stats
